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Foreword 


This  document  is  provided  to  satisfy  the  Strategic  Environmental  Research  & 
Development  Program  (SERDP)  reporting  requirement  for  a  Final  Technical  Report  for  Project 
PP  1056/789,  Low  Volatile  Organic  Compound  (VOC)  Chemical  Agent  Resistant  Coating 
(CARC). 

This  document  is  comprised  of  an  Executive  Summary  followed  by  three  sections  that 
cover  the  major  phases  of  this  program:  Phase  1  -  Coating  Formulation,  Phase  2  -  Application 
Study,  and  Phase  3  -  Stripping  and  Disposal. 

Each  section  has  been  numbered  separately  in  accordance  with  the  following  convention: 

"ES"  pages  designate  the  Executive  Summary  (prepared  by  the  Army  Armaments 
Research  &  Development  Center) 

"A"  pages  designate  the  Phase  1  -  Coating  Formulation  Study  (prepared  by  the  Army 
Research  Lab) 

"N"  pages  designate  the  Phase  2  -  Application  Study  (prepared  by  the  Naval  Surface 
Warfare  Center) 

"AF"  pages  designate  the  Phase  3  -  Stripping  and  Disposal  Study  (prepared  by  the  Air 
Force  Research  Lab) 
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Executive  Summary 


Performing  Organizations: 

The  Armament  Systems  Process  Division  of  the  U.S.  Army  Armaments  Research, 
Development  &  Engineering  Center  (ARDEC),  Picatinny  Arsenal,  NJ  was  the  lead  organization 
responsible  for  the  overall  management  and  coordination  of  this  project. 

The  Weapons  and  Materials  Directorate  of  the  Army  Research  Lab  (ARL),  Aberdeen 
Proving  Ground,  MD  was  responsible  for  the  Coating  Formulation  Study  Phase. 

The  Carderock  Division  of  the  Naval  Surface  Warfare  Center,  Philadelphia,  PA  was 
responsible  for  the  Application  Study  Phase. 

The  Wright  Laboratory  Materials  Directorate  of  the  Air  Force  Research  Lab,  Wright 
Paterson  Air  Force  Base,  OH  in  conjunction  with  the  Southwest  Research  Institute  was 
responsible  for  the  Stripping  and  Disposal  Study  Phase. 


Project  Background: 

When  the  Chemical  Agent  Resistant  Coating  (CARC)  system  was  first  used  on  tactical 
equipment  by  the  Army  in  the  early  1980s,  it  was  in  compliance  with  environmental  regulations 
in  effect  at  that  time.  However,  Federal  and  local  regulations  resulting  form  the  Clean  Air  Act 
and  its  amendments  have  resulted  in  subsequent  restriction  on  the  amount  of  Volatile  Organic 
Compounds  (VOC)  emitted  during  the  application  of  protective  coatings.  Current  topcoats  in  the 
CARC  system  have  VOC  limits  set  at  3.5#/gaI,  but  local  governments  are  permitted  to  set  lower 
limits,  and  many,  such  as  the  San  Diego  Air  Quality  Management  District  (which  has  a  limit  of 
2.8#/gal),  have  done  so.  In  addition,  total  emission  restrictions  imposed  on  some  facilities  are 
such  that  a  limit  of  1 .8#/gaI  must  be  achieved  for  the  facility  to  stay  in  production.  Finally,  many 
of  the  solvents  are  Hazardous  Air  Pollutants  (HAPs)  either  as  listed  by  the  Clean  Air  Act 
Amendments  of  1990  or  targeted  by  the  EPA  33/50  Industrial  Toxics  Project. 

Army  regulations  (which  are  also  followed  by  the  Marine  Corps)  require  that  all  tactical 
equipment  (including  combat,  combat  support,  essential  ground  support  equipment,  tactical 
wheeled  vehicles  and  aircraft)  be  hardened  against  performance  degradation  by  chemical  warfare 
agents  or  decontamination  procedures.  The  Air  Force  uses  Army  CARC  on  all  vehicles  and 
equipment  procured  through  the  Army  and  has  drafted  a  Mission  Need  Statement  for  Advanced 
Aircraft  Coating  Compatibility  stating  that  existing  coating  systems  have  a  limited  ability  to 
protect  against  chemical  agents  and  must  be  improved.  Thus  the  CARC  requirement  is  of 
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significant  importance  to  the  tri-service  coating  community  and  the  environmental  deficiencies 
must  be  addressed  to  ensure  the  continued  operation  of  the  defense  facilities. 


Objective: 

The  objective  of  this  project  was  to  develop  a  low  VOC  CARC  system  suitable  for  use  on 
military  equipment  by  all  services,  in  which  the  materials  and  processes  for  the  reformulation/ 
application,  stripping  and  disposal  are  optimized  and  in  compliance  with  the  current  and 
anticipated  regulatory  requirements.  The  primary  objective  was  to  reduce  the  VOC  of  the 
polyurethane  topcoat  from  3.5#/gal  to  1.8#/gal.  A  secondary  objective  was  to  eliminate  the 
HAPs  and  toxic  solvents  used  in  the  current  topcoat  formulation.  In  addition  to  the 
environmental  objectives,  it  was  mandated  that  there  could  be  no  degradation  in  performance 
properties  of  the  reformulated  low  VOC  coating  as  compared  to  the  current  CARC.  Also,  it  was 
considered  highly  desirable  that  the  new  CARC  topcoat  be  essentially  a  "drop-in"  replacement; 
i.e.,  no  significant  alterations  to  the  currently  used  process  for  application  and  stripping  of  the 
CARC  coatings. 


Technical  Approach: 

The  technical  approach  for  the  reformulation  work  focused  on  high  performance,  water 
reducible  (WR)  polyurethane  binder  systems,  which  had  the  potential  for  chemical  agent 
resistance  and  meets  the  performance  requirements  of  the  Army,  Air  Force  and  Marines. 
Candidate  polymers  were  obtained  from  raw  material  suppliers,  screened  for  live  agent 
resistance,  and  formulated  into  camouflage  topcoats.  Requirements  for  the  WR  CARC  included 
compatibility  with  current  camouflage  pattern  painting  procedures  and  universal  use  under  all 
current  and  foreseen  VOC  regulations.  The  pigmentation  was  edso  investigated  cis  another  source 
of  helping  to  reduce  the  VOC  content  as  well  as  improving  the  overall  performance.  The  use  of 
non-siliceous  extenders  (e.g.  polymeric  beads)  could  offer  reduced  binder  demand  in  the 
formulation  and  improve  such  performance  properties  as  durability  and  flexibility. 

The  approach  to  the  application  study  was  to  quantify  non-film  paint  properties,  and  post¬ 
application  properties,  to  conduct  rheological  characterization,  and  through  a  Design  of 
Experiment  (DOE)  study  to  quantify  the  cause  and  effect  relationships  between  application 
parameters  and  film  performance.  The  DOE  results,  when  coupled  with  a  weighting 
methodology,  will  allow  for  application  parameters  to  be  specified  in  order  to  provide  desired 
film  performance.  This  will  allow  for  the  "fine-mning"  of  application  procedures  to  allow  the 
optimum  film  performance  to  be  achieved.  In  this  manner,  each  Agency  will  be  able  to  tailor 
properties  according  to  the  results  desired. 
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The  approach  to  the  stripping  work  was  to  focus  on  evaluation  of  currently  used  methods 
of  removal  to  optimize  the  processes  for  de-painting  and  disposal  of  the  CARC  developed  under 
this  project.  Towards  this  end  a  review  was  made  of  current  technology  including  those  projects 
conducted  by:  the  National  Defense  Center  for  Environmental  Excellence  (NDCEE),  the  Joint 
Depot  Environmental  Panel  (JDEP),  the  three  services  under  the  SERDP,  as  well  as  a  review  of 
existing  CARC  stripping  operations  at  depots,  original  equipment  suppliers  and  other 
manufacturing/maintenance  facilities.  Selected  technologies  were  tested  to  determine  the 
applicability  to  strip  the  new  CARC  as  applied  to  a  variety  of  substrates  (aluminum,  steel,  and 
composites).  Emphasis  was  given  to  non-chemical  means  of  stripping  due  to  the  large  quantities 
of  hazardous  wastes  which  are  generated  by  the  use  of  chemicals. 


Summary/Conclusions: 

1.  The  U.S.  Army  Research  Laboratory  (ARL)  has  developed  a  low  VOC  water-reducible  (WR) 
chemical  agent  resistant  polyurethane  topcoat,  which  meets  current  and  anticipated  regulatory 
limits.  The  topcoat  provides  increased  resistance  to  accelerated  weathering  plus  improved  low 
temperature  flexibility,  impact  and  mar  resistance  as  compared  to  the  CARC  topcoats  currently 
in  use. 

2.  U.S.  Patent  #5,691,410  has  been  awarded  for  the  WR  low  VOC  CARC  formula  that  was  the 
basis  for  this  SERDP  project.  The  formulation  has  been  validated  for  all  five  colors  of  interest 
(camouflage  green,  brown,  black,  desert  tan  and  Air  Force  gray)  and  has  been  produced  in  pilot 
plant  and  production  size  batches  by  an  industry  partner. 

3.  The  WR  CARC  topcoat  is  essentially  a  drop-in  replacement  for  the  coatings  currently  used. 
No  significant  alterations  anticipated  to  current  production  application  processes  are  anticipated 
to  achieve  the  desired  film  performance. 

4.  Strippability  of  the  WR  CARC  is  not  expected  to  present  an  adverse  impact  to  de-paint 
operations  for  the  various  dry  media  blasting  operations  (walnut  hull,  zirconia  alumina,  garnet, 
steel  shot,  plastic  media)  commonly  used  by  the  depot  community.  Chemical  strippability  data 
suggests  that  the  stripping  productivity,  using  various  chemicals  currently  in  use  by  the  depot 
community,  should  not  be  impacted  significantly. 

5.  Initial  implementation  and  technology  transfer  will  be  via  the  Environmental  Security 
Technology  Certification  Program  (ESTCP)  Project  #200024,  which  will  demonstrate/validate 
the  SERDP  technology  at  three  DOD  depot  facilities  during  the  FY2000-2001  time  frame. 

6.  A  new  Military  Specification  for  the  WR  topcoat  with  an  associated  Qualified  Products  List 
(QPL)  is  being  prepared  as  part  of  the  ESTCP  effort.  Until  the  specification  is  issued,  an 
approved  supplier  list  for  the  WR  Low  VOC  CARC  topcoat  will  be  available  from  ARL. 
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INTRODUCTION:  The  US  Army  Research  Laboratory  (ARL)  is  participating  in  a  tri-service 
effort  funded  by  the  Strategic  Environmental  Research  and  Development  Program  (SERDP)  to 
develop  a  low- Volatile  Organic  Compound  (VOC)  Chemical  Agent  Resistant  Coating  (CARC) 
for  use  on  Army,  Marine  Corps,  and  Air  Force  tactical  equipment.  The  primary  motivating 
factor  for  this  program  is  to  develop  a  camouflage  CARC  that  is  more  environmentally 
acceptable  than  the  current  solvent-based  topcoats.  Environmental  factors  influencing  the 
formulation  come  from  limits  on  VOC  emissions  found  in  the  Clean  Air  Act  (CAA)  and  its 
Amendments,  from  worker  safety  issues  in  Occupational  Safety  and  Health  Administration 
(OSHA)  regulations  on  exposure  to  workplace  hazardous  materials,  and  from  the  constraints 
associated  with  the  National  Environmental  Standards  for  Hazardous  Air  Pollutants  (NESHAP) 
for  the  Miscellaneous  Metal  Parts  and  Products  category,  due  for  enforcement  in  the  year  2003. 
The  low-VOC  CARC  developed  must  meet  current  and  anticipated  regulatory  limits  without 
compromising  the  performance  necessary  to  meet  survivability  requirements,  including  chemical 
agent  resistance,  camouflage,  and  durability  in  extreme  environments. 

The  developmental  process  has  been  divided  into  three  separate  tasks,  formulation,  application, 
and  stripping.  The  ARL  is  responsible  for  the  formulation  effort,  the  Naval  Surface  Warfare 
Center,  Carderock  Division  (NSWCCD)  is  responsible  for  characterizing  the  application  process, 
and  the  Air  Force  Research  Laboratory  (AFRL)  Materials  Directorate,  in  conjunction  with 
Southwest  Research  Institute  (SwRl),  is  responsible  for  the  stripping  studies.  The  ultimate  goal 
of  the  process  is  to  demonstrate  that  the  low-VOC  CARC  can  provide  a  “drop-in”  solution  to  the 
environmental  issues  associated  with  the  solvent-bome  CARC  currently  in  use,  providing  equal 
or  better  performance  and  involving  no  significant  changes  to  the  application  and  stripping 
procedures  currently  being  used.  This  report  summarizes  the  formulation  phase  performed  by 
ARL,  and  it  covers  the  period  from  October  1997  through  March  2000. 

BACKGROUND:  Chemical  warfare  causes  many  problems  on  the  battlefield,  among  which  is 
decontamination  of  exposed  equipment.  Because  of  this  threat,  the  US  Army  has  required  the 
use  of  a  CARC  system  on  its  equipment,  beginning  in  FY85.  The  equipment  covered  by  this 
requirement  includes  all  combat,  combat  support,  and  essential  ground  support  equipment,  plus 
tactical  wheeled  vehicles  and  aircraft.  These  coatings  resist  penetration  of  the  paint  film  by 
chemical  agents  and  make  decontamination  procedures  easier,  either  by  neutralization  of  the 
agents  wi&  DS2  decontaminating  solution  or  by  enabling  the  natural  environmental  breakdown 
of  the  agents  because  they  remain  on  the  surface  of  the  paint.  The  current  topcoats  are  aliphatic 
polyurethanes  meeting  either  MIL-C-46168  or  MIL-C-53039  military  specifications.  While  they 
provide  the  quality  performance  characteristics  of  a  commercial  automotive-type  finish,  such  as 
exterior  durability  and  excellent  chemical  resistance,  they  must  also  be  able  to  withstand 
decontamination  procedures  and  provide  camouflage  properties  in  the  visible  and  near  infrared 
regions  of  the  spectrum.  In  response  to  a  variety  of  environmental  regulations  and  worker  safety 
issues,  the  original  material,  first  developed  in  1974,  has  evolved  into  a  much  more 
environmentally  acceptable  coating.  In  the  years  since  CARC  first  appeared,  the  coating  has 
been  reformulated  to  be  lead  and  chromate  free  and  lower  in  VOC  content.  The  former  is 
particularly  important  because  many  of  the  materials  used  in  manufacturing  protective  coatings 
generate  hazardous  wastes  (important  from  the  worker  safety  aspect  noted  above)  and  the 
associated  high  costs  of  disposal.  ’  The  high  solids  versions  of  the  CARC  topcoats  do  not  meet 
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VOC  regulations  in  certain  localities,  so  different  technology  was  needed  to  develop  a  CARC  to 
solve  current  and  anticipated  VOC  problems. 

From  a  historical  perspective,  the  two  main  avenues  to  VOC  reduction  in  coatings  are  lower 
molecular  weight  polymers  and  the  use  of  waterborne  (WB),  water  dispersible  (WD),  or  water 
reducible  (WR)  polymers.  Usually,  reducing  a  polymer's  molecular  weight  reduces  its  viscosity 
and  the  consequent  need  for  solvents  to  control  the  system  viscosity  during  application.  This  is 
the  traditional  high  solids  solution  to  VOC  problems.  Alternatively,  systems  in  which  water  can 
be  used  for  this  viscosity  control  can  greatly  alleviate  the  need  for  solvents  altogether.  Up  until 
just  a  few  years  ago,  water-compatible  coatings  often  had  problems  achieving  the  performance  of 
their  solvent  based  analogs,  but  recent  developments  in  polymer  technology  have  made  possible 
the  development  of  high  performance  polyurethane  systems  with  excellent  performance  and 
chemical  agent  resistance. 

Any  reformulation  effort  to  reduce  VOC  must  result  in  a  product  that  retains  current  performance 
levels.  The  components  of  a  typical  coating  can  be  divided  into  three  main  groups.  The  polymer 
(commonly  called  the  binder)  provides  the  required  performance  level  of  the  product,  the 
pigments  provide  the  desired  color  and  gloss,  and  the  solvents/additives  control  package  and 
application  viscosities  and  aid  in  film  formation.  In  CARC,  the  chemical  agent  resistance  (CAR) 
is  provided  by  the  aliphatic  poljmrethane  binder  and  the  camouflage  properties  are  provided  by 
the  appropriate  selection  of  tinting  pigments  for  visual  color  and  near-infrared  reflectance,  plus 
extender  pigments  for  gloss  control.  The  camouflage  requirements  have  always  complicated 
development  of  Army  coatings  because  of  the  need  for  a  low  gloss,  which  in  turn  leads  to  a 
proportionally  higher  pigment  to  binder  ratio.  The  system  is  essentially  pulled  in  opposite 
directions  by  the  need  for  more  binder  to  enhance  CAR  and  the  concurrent  need  for  more 
pigment  to  reduce  gloss  for  camouflage.  Since  camouflage  tinting  pigmentation  systems  are  well 
established,  the  focus  of  this  effort  was  to  replace  the  solvent  borne  polyester  and  polyisocyanate 
binder  components  of  the  current  CARC.  At  the  same  time,  we  wanted  to  develop  an  improved 
pigment  package  that  would  help  to  eliminate  some  of  the  problems  (such  as  marring  and 
reduced  flexibility)  that  result  from  a  coating  with  the  high  pigment  loading  required  for  low 
gloss  camouflage. 


Pigment  Package  Development 

The  color  selected  for  basic  pigment  formulation  development  was  the  Green  383  color,  because 
it  is  the  basecoat  for  CARC  application,  and  pattern  colors  (Brown  383  and  Black)  are  applied 
over  it.  (Other  colors  important  for  different  applications  include  Tan  686A  for  desert 
camouflage  environments.  Aircraft  Green  for  rotary-winged  aircraft,  and  gray  for  potential  Air 
Force  applications.)  As  is  typical  in  two  component  polyurethanes,  the  pigments  and  additives 
are  added  to  the  polyester/Component  A  portion  of  the  system.  The  polyisocyanate  "catalyst" 
becomes  Component  B,  and  the  system  is  adjusted  with  solvent  to  practical  package  viscosity  for 
both  components  while  ensuring  proper  stoichiometry  of  the  reactive  components  upon  their 
mixing  in  a  practical  (e.g.,  2  to  1  by  volume)  kit  format.  The  "solvent"  for  a  WB/WD/WR 
system  is  water.  A  generic  starting  point  formulation  for  a  Green  383  with  siliceous-based 
pigmentation  is  shown  in  Table  1  below. 
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Table  1  -  Standard  Green  383  Pigmentation 


Pigment 

Weight  % 

Tinting  Pigments 

Cobalt  green  spinel 

16.5 

Chromium  Oxide 

23.6 

Magnesium  Ferrite 

5.6 

Carbazole  Violet 

0.3 

Extender  Pigments 

Diatomaceous  Silica 

23.8 

Magnesium  Silicate 

26.5 

Amorphous  Silica 

3.7 

In  evolving  toward  replacement  of  these  extenders  with  non-siliceous  varieties,  multiple  sources 
of  supply  and  composition  were  considered,  along  with  several  blends  of  polymeric  and  siliceous 
extenders.  Some  early  considerations  included  resistance  of  the  substitute  extender  system  to 
hydrocarbon  exposure,  DS2,  and  chemical  agents.  Once  polymeric  beads  with  satisfactory 
resistance  properties  were  discovered,  performance  (primarily  flexibility  and  mar  resistance)  was 
the  primary  criterion  in  judging  acceptability  and  will  be  discussed  below.  In  general,  however, 
the  most  dramatic  performance  improvements  came  about  due  to  total  replacement  of  the 
siliceous  portion  of  the  extender  system.  This  was  made  possible  due  to  the  greater  efficiency  in 
flattening  (gloss  control)  associated  with  the  pol5meric  beads;  i.e.,  for  a  given  gloss  level,  less 
weight  and  volume  were  necessary  than  for  siliceous  extenders.  This  led,  in  turn,  to  a  more 
"resin  rich"  paint  film  with  better  performance;  i.e.,  a  film  with  a  lower  pigment  volume 
concentration  (PVC).  As  noted  above,  the  limitation  on  performance  of  any  CARC  is  the 
inherent  need  for  a  highly  filled  film  in  order  to  achieve  the  low  gloss  necessary  for  camouflage. 
When  the  amount  of  pigment  decreases,  the  performance  goes  up  correspondingly.  One  typically 
expects  an  increase  in  performance  in  areas  such  as  flexibility,  mar  resistance  and  impact 
resistance.  A  key  variable  is  not  only  the  PVC,  which  is  defined  as 

PVC  =  Vp/(Vp  +  Vb) 

where  Vp  =  pigment  volume  and  Vb  =  binder  volume  in  the  film,  but  the  critical  pigment 
volume  concentration  (CPVC),  which  is  defined  as  the  level  of  PVC  in  a  dry  paint  film  where 
just  sufficient  binder  is  present  to  fill  the  voids  between  the  pigment  particles.  The  CPVC  of  a 
paint  represents  the  densest  package  of  the  pigment  particles  with  respect  to  the  degree  of 
dispersion  of  the  system.  This  definition  places  a  significant  influence  on  the  CPVC  value  in 


relationship  to  the  degree  of  pigment  dispersion.  Therefore,  if  the  selection  of  the  binder/resin 
system  has  a  lower  dispersive  capacity,  it  will  give  a  reduced  CPVC  value  in  proportion  to  the 
flocculation  that  remains  undispersed  in  the  paint  system.  Yet  if  a  binder  system  has  a  higher 
dispersive  capacity,  it  may  produce  a  highly  dispersed  pigment  state  yielding  a  maximum  CPVC 
value.  This  observation  is  directly  related  to  the  oil  absorption  (OA)  properties  the  prime 
pigments  and  extenders  used  and  the  formulator  must  realize  that  variations  in  oil  absorption  are 
found  using  different  binders.  Yet  using  a  standard  like  linseed  oil  to  determine  OA  type 
measurements  is  still  a  very  useful  qualitative  guideline  for  making  certain  pigment  selections 
for  a  given  binder  system.  Finally,  a  CPVC  value  determined  for  an  OA  measurement  indicates  a 
specific  region  separating  two  completely  different  pigment/binder  conditions.  Above  a  CPVC 
value,  insufficient  binder  is  present  in  the  paint  film  to  fill  the  particle  voids  completely. 
Conversely,  below  the  CPVC  value,  binder  is  present  in  excess  of  that  necessary  to  fill  all  voids. 
General  graphical  representations  for  the  characteristics  property  have  been  published.^  In 
principle,  the  point  of  inflexion  or  break  at  the  CPVC  presents  ways  of  detecting  the  CPVC 
itself,  but  in  practice  the  various  properties  show  a  different  sensitivity  to  the  volume  of  air  voids 
and  there  will  be  a  spread  in  the  apparent  CPVC  value.^  Using  these  guidelines,  it  appeared  that 
a  weak  or  critical  link  was  to  address  both  the  CPVC  and  the  type  of  extender  material  or  active 
flattening  agents  one  would  use.  The  first  material  is  blend  of  urea  resin  containing  negligible 
quantity  of  free  methlylol  groups.  As  a  result  of  this  chemical  composition  it  functions  as 
polymer  cross-linker  agent  during  film  formation.  The  primary  particles  with  an  average  grain 
diameter  of  .1-.  5  pm  form  agglomerates  of  approximately  4-5  pm.  This  results  in  a  high  pore 
volume  and  a  steep  grain  distribution,  two  important  factors  that  form  the  precondition  for 
excellent  matting  effect.  As  a  result  of  the  almost  ideal  spherical  form  of  the  particles,  viitually 
no  influence  is  exerted  on  the  coating  rheology,  as  opposed  to  the  more  needle  shaped  silica. 
With  very  high  matting  effects  or  extremely  low  gloss,  silica  extenders  are  associated  with  a 
considerable  increase  of  thioxotropy,  which  in  most  cases  is  undesirable.  The  other  active 
flattening  agent  is  of  a  polyurethane  composition  with  a  medium  particle  size  of  18  pm  with  a 
relatively  low  OA  measurement  of  40-60.  It  is  also  a  spherical  vesiculated  type  material  that  has 
enhanced  matting  properties  and  is  extremely  chemical  resistant  as  well.  The  combination  of 
these  two  materials  provides  a  very  dynamic  and  active  flattening  package. 

Binder  Development 

The  generic  (bifunctional)  urethane  reaction  is  given  by: 

OCN-R-NCO  -t  HO-R'-OH  -  [ .  CO  -  NH- R  -  NH- CO- O- R' -  O  -  ] - 

(polyisocyanate)  (polyol)  (polyurethane) 

If  designed  properly,  crosslinking  in  this  system  provides  high  performance  coatings  such  as 
CARC.  However,  the  necessity  to  ensure  water  is  not  present  in  non-aqueous  two-component 
polyurethane  formulations  has  been  paramount  due  to  its  reaction  with  isocyanate.  The  reaction 
forms  an  unstable  carbamic  acid,  which  quickly  decomposes  to  generate  carbon  dioxide  and  an 

4,5 

amine. 
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RNCO  +  H2O  •  [RNHCOOH]  •  C02*  +  RNH2 


The  amine  then  reacts  with  further  isocyanate  to  yield  the  substituted  urea. 

RNH2  +  RNCO  •  RNHCONHR 

In  a  solvent  borne,  two-component  system,  this  reaction  may  inhibit  or  adversely  affect  the 
stoichiometry  and  development  of  crosslinking  that  is  crucial  to  the  integrity  and  performance 
typical  of  two-component  polyurethanes.  However,  recent  developments  in  waterborne 
polyurethane  technology  have  enabled  high  performance  coatings  to  be  formulated  using  water 
dispersible  polyisocyanates  and  hydroxyl-functional  polyurethane  dispersions.^  While  there  is  a 
competing  reaction  occurring  with  water,  the  kinetics,  raw  materials  and  proper  indexing  of 
isocyanate  (NCO)  to  hydroxyl  (OH)  groups  used  in  the  formulations  ensure  that  sufficient 
crosslink  density  is  established  in  the  film. 

The  crosslink  density  of  the  cured  film  is  controlled  by  adjusting  the  NCOrOH  ratios.  Solvent- 
based  systems  are  formulated  with  a  slight  excess  of  isocyanate.  NCO  to  OH  ratios 
approximately  equal  to  1.1  :  1.0  are  typical  for  solvent-based  polyurethane  coating  formulations. 
The  excess  NCO  ensures  complete  reaction  of  the  polyol  and  provides  optimal  film  properties. 

In  water-borne  formulations,  a  greater  excess  of  NCO  is  required  to  account  for  the  competing 
reaction  between  isocyanate  and  water.  Typically,  water-borne  formulations  are  indexed  using 
excess  NCO  ranging  from  1.5  to  3.5.  Early  efforts  within  our  laboratory  focused  on  formulations 
with  NCO  to  OH  ratios  between  2.0;  1 .0  and  3.5: 1 .0.  While  these  films  exhibited  enhanced 
properties  compared  to  the  solvent-based  coating,  they  did  not  have  sufficient  performance  to 
pass  the  Army’s  chemical  agent  resistance  requirement.  For  this  reason,  further  investigation  led 
to  the  most  recent  formulations  with  NCO  to  OH  ratios  of  5.0: 1 .0.  This  level  of  indexing 
provided  chemical  agent  resistance  without  a  significant  change  in  coating  properties.  The 
formulation  efforts  involved  a  significant  amount  of  research  in  the  area  of  additives, 
pigmentation  and  dispersion  techniques  to  assemble  a  camouflage  topcoat  that  has  significantly 
improved  performance  properties  and  offers  state  of  the  art  technology  with  respect  to 
environmental  compliance  for  industrial  maintenance  type  coatings.  This  research  effort  has 
resulted  in  a  patent  award  (U.S.  Patent  #5,691,410)  for  the  coating. 

RESULTS  AND  DISCUSSION:  Beginning  with  the  earliest  generations  of  WD  polyesters  and 
polyisocyanates  (e.g.,  Bayhydrol  XP-7044  and  Bayhydur  XP-7007)  physical  performance  of  the 
resulting  WD  coatings  was  generally  acceptable  in  laboratory  testing,  but  achieving  chemical 
agent  resistance  was  very  difficult.  Although  all  of  the  performance  tests  in  CARC  specifications 
MIL-C-46168  and  MIL-C-53039  are  important,  the  critical  ones  used  in  screening  proposed  WD 
systems  are  summarized  in  Table  2.  They  attempt  to  evaluate  real-world  performance  of  a 
coating.  For  example,  hydrocarbon  (HC)  resistance  tests  a  coating's  ability  to  withstand  fuel 
spills,  water  resistance  checks  its  rain  or  immersion  properties,  DS2  resistance  verifies  color 
stability  and  coating  integrity  upon  field  decontamination  after  chemical  warfare,  and  accelerated 
weathering  checks  for  colorfastness  upon  long-term  exposure  to  the  sun. 
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Table  2  -  Resistance  Testing  in  MIL-C-46168 


Test 

Reference  paragraph  in 
MIL-C-46168 

Test  Method 

Color  &  spectral  reflectance 

4.3.2 

ASTM  E  308 

voc 

4.3.7. 1 

ASTM  D3960 

Specular  gloss 

4.3.10 

ASTM  D523 

Water  resistance 

4.3.19 

ASTM  D  1308,  &  6.4 

Hydrocarbon  resistance 

4.3.20 

ASTM  D  1308,  &  6.4 

Accelerated  weathering 

4,3.23 

ASTM  G26 

DS2  resistance 

4.3.24 

- 

Chemical  agent  resistance 

4.3.25 

- 

As  noted  above,  early  studies  were  based  on  formulations  with  NCO  to  OH  ratios  ranging 
from  2.0  to  3.5  to  obtain  optimum  film  properties.  The  data  below  are  for  formulations  based  on 
NCO  to  OH  ratios  of  3.5  to  1  involving  fully  pigmented  systems  for  Green  383,  and  represent  an 
intermediate  stage  in  the  formulation  process.  The  formulations  prepared  were  based  on  the 
generic  formula  presented  in  Table  3.  The  particular  formulas  differ  in  pigmentation,  additives, 
and  modifiers  used  as  well  as  the  placement  of  water  for  proper  package/system  viscosity.  It 
should  be  noted  that  the  formulations  and  data  are  based  on  Bayer,  Corp.  hydroxyl-fimctional 
polyurethane  Bayhydrol  XP-71 10  and  Bayhydur  XP-7007  water  dispersible  polyisocyanates. 
These  materials  provided  the  most  promising  results  for  chemical  agent  resistance  and  film 
properties  at  this  point  in  the  formulation  effort.  Prior  materials  such  as  Bayer's  Bayhydrol  XP- 
7044  had  provided  insufficient  crosslink  density  and  demonstrated  poor  chemical  agent 
resistance.  In  addition,  the  approach  to  the  validation  of  this  material  has  been  to  conduct  a 
variety  of  tests  and  exposures  to  ensure  its  performance  in  worst  case  scenarios.  Such  tests 
included  extended  water  immersion  with  cross  hatch  and  dry  tape  adhesion  evaluation,  sub-zero 
flexibility  testing,  recoating  of  less  than  ideal  surfaces  and  then  further  exposure  and  testing  of 
those  recoated  samples.  Therefore,  the  data  presented  provide  a  more  realistic  and 
comprehensive  baseline  to  assist  in  further  evaluation  and  recommendations  with  respect  to 
formulation  development  and  final  application  of  the  material. 
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Table  3  -  Basic  WD  CARC  Formulae 


COMPONENT  A 

COMPONENT  B 

Material 

Weight 

% 

Material 

Weight 

% 

WD  Polyester 

246.66 

43.36 

Polyisocyanate 

158.09 

75 

Pigments 

219.32 

38.55 

Cosolvent 

52.69 

25 

Additives 

56.71 

9.97 

Deionized  water 

46.17 

8.12 

Total 

568.86 

100 

210.79 

100.00 

General  Test  Results 

All  samples  were  sprayed  unless  noted  otherwise,  and  color  and  specular  gloss  were 
determined  using  standard  opacity  charts  (Leneta,  form  2A)  as  a  substrate.  All  tests  were 
performed  with  a  dry  film  thickness  (dft)  of  1 .8  -  2.2  mil.  Formula  I  is  a  standard  water 
reducible  formulation  using  hydroxy-functional  polyurethane  Bayhydrol  XP-71 10  and  Bayhydur 
XP-7007  water  dispersible  polyisocyanates  using  conventional  siliceous  type  extenders  for 
flattening  purposes.  Formula  III  uses  the  same  resin  system  without  siliceous  extenders, 
incorporating  instead  active  polymeric  flattening  agents  to  achieve  low  gloss  values. 

Table  4  -  Basic  Performance  Testing 


TEST 

MIL-C-46168 

REQUIREMENT 

FORMULA  I 

FORMULA  III 

Color/  reflectance 

Enbs  ^  2.0 

Enbs  ~  2.96 

Enbs  =1.0 

voc 

VOC  <  3.5  Ibs/gal 

VOC  =  1.50 

VOC  «  1.50 

Specular  Gloss 

60°  <  1.0,  85°  <3.5 

60°=^  1.3,  85°  «  2.2 

60°  =  0.6,  85°  =  2.0 

Water  resistance 

168  hr.  immersion 

Pass 

Pass 

HC  resistance 

168  hr.  immersion 

Pass 

Pass 

Polish  resistance 

100  strokes 

Pass  900  strokes 

Pass  200  strokes 

Gloss 

85°  <  12.0 

85°  -  11.5 

85°  =  10.9 

Chemical  Agent 
Resistance 

<180  micrograms 

borderline 

borderline 
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Adhesion  Testing 


Because  water  reducible  materials  exhibit  a  higher  surface  tension  than  solvent-bome 
coatings,  they  require  surfactants  to  increase  wetting  and  flow  properties.  Unfortunately,  even 
with  these  additives  and  modifiers,  most  water  based  formulations  will  have  a  greater  sensitivity 
to  adhesion  performance  than  a  comparable  solvent  based  system.  Notably,  such  sensitivity  is 
especially  apparent  in  wet  environments  and  areas  with  poor  surface  preparation.  Table  5 
summarizes  the  performance  of  the  WD  formulas.  Dry  adhesion  testing  was  conducted  after 
seven,  days  air  dry  on  a  variety  of  substrates  with  and  without  primers  and  on  some  CARC  panels 
that  had  completed  two  years  of  outdoor  exposure.  Wet  adhesion  evaluations  were  performed  on 
the  same  materials  and  coatings.  After  air  drying  for  one  week,  samples  were  scribed  and 
immersed  in  deionized  water  for  twenty-four  hours,  and  then  adhesion  was  evaluated  according 
to  method  6301.2  of  Fed-Std-141-C.  The  "material  substrate"  colunm  in  the  table  defines  the 
panel  type  and  subsequent  topcoats  applied,  if  any.  The  WD  formulae  were  then  sprayed  over 
these  substrates. 


Table  5  -  Adhesion  Evaluation 


MATERIAL  SUBSTRATE 

PANEL  TYPE/PRIMER/TOPCOAT 

DRY  ADHESION 
WD  FORMULAE 

WET  ADHESION 
WD  FORMULAE 

CRS*/None/None  ’ 

Pass 

Pass 

CRS^/MIL-P-52192/2  Years  Weathered  CARC 

Pass 

Pass 

Aluminum/Powdercoat  071-32-5/None 

Pass 

Pass 

Aluminum/Powdercoat  PEL9 1583/None 

Pass 

Pass 

CRS*/MIL-P-53022/None 

Pass 

Pass 

CRS*/MIL-P-53084/None 

Pass 

Pass 

CRS*/Powdercoat  269-10220/None 

Pass 

Pass 

_ 

1  Blistering  ofWD  topcoat  occurred  after  four  hours,  although  adhesion  was  still  satisfactory 


*  Cold  rolled  steel  (CRS)  pretreated  with  zinc  phosphate  conforming  to  TT-C-490,  Type  I 


DS2  Resistance 

DS2  is  an  alkaline-based  material  used  for  field  decontamination  after  chemical  agent  exposure. 
Its  basic  formulation  is  specified  by  MIL-D-50030  and  consists  of  Diethylenetriamine  (70%), 
Sodium  Hydroxide  (2%)  and  Ethylene  Glycol  Monomethyl  Ether  (28%).  DS2  resistance 
requires  color  stability  and  coating  integrity.  Color  difference  and  Pencil  Hardness  were  used  to 
determine  the  DS2  resistance  of  the  films.  Formulas  I  and  HI  plus  clear  coats  with  NCO  to  OH 
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indexes  of  2.0  to  5.5  and  a  standard  two-cOmponent  CARC  were  evaluated,  and  the  results 
tabulated  in  Table  6. 


Table  6  -  DS2  &  Hardness  Evaluation 


MATERIAL 

NBS^  COLOR 
DIFFERENCE 
UNEXPOSED/EXPOSED 

PENCIL  HARDNESS 
ASTMD3363  (6.01) 
UNEXPOSED/EXPOSED 

Formula  I 

0.06 

F/F 

Formula  in  i 

0.18 

HB/HB 

Standard  MIL-C-46168 
Two-Component  CARC 

0.57 

HB/HB 

2.0  Index  (Clear  Coat) 

37.11 

B/2B 

2.5  Index  (Clear  Coat) 

24.06 

B/B 

3.0  Index  (Clear  Coat)  ' 

14.71 

HB/B 

3.5  Index  (Clear  Coat) 

5.03 

H/F 

4.0  Index  (Clear  Coat) 

6.56 

B/B 

4.5  Index  (Clear  Coat) 

1.54 

HB/HB 

5.0  Index  (Clear  Coat) 

0.67 

HB/B 

5,5  Index  (Clear  Coat) 

9.84 

HB/3B 

*  Hunter's  revised  National  Bureau  of  Standards  (NBS)  color  difference  equation 


Flexibility  Testing 

When  formulating  this  material,  it  has  been  our  attempt  to  develop  a  working  formulation  that 
will  meet  our  current  specification  requirements  or  exceed  them  whenever  possible.  The 
possibility  of  exceeding  specific  requirements  is  often  at  the  expense  of  other  properties  of  the 
coating.  Yet  in  our  development  of  this  material  we  realized  a  significant  improvement  in 
flexibility  without  any  compromise  to  the  durability  or  properties  of  the  film.  Flexibility  has  not 
been  a  major  or  critical  element  with  respect  to  tactical  type  equipment,  so  consequently  CARC 
formulations  are  satisfactory  at  ambient  temperatures,  but  have  difficulty  at  zero  and  sub-zero 
temperatures.  Our  current  formulations  have  exceptional  flexibility  at  ambient  and  sub-zero 
temperatures.  Testing  was  conducted  using  No.  31  gage  cold  rolled  luster  finish  steel  panels 
prepared  in  accordance  with  procedure  B,  phosphoric  acid  etched,  method  2012.1  of  FED-STD- 
1 41  -C.  The  panels  were  sprayed  to  a  dft  of  .0009  to  .001 1  inches  and  air  dried  in  a  horizontal 
position  for  72  hours  at  ambient  temperature  and  then  baked  for  96  hours  at  105°  C.  The  panels 
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were  then  conditioned  at  ambient  temperature  for  30  minutes.  Flexibility  was  evaluated  in 
accordance  with  method  6221  of  FED-STD-141-C,  all  zero  and  sub-zero  evaluations  followed 
the  same  procedure,  except  the  mandrel  and  panels  were  conditioned  for  four  hours  at  the  given 
temperature  and  tested  within  the  chamber  to  ensure  the  stability  of  the  environmental 
conditions.  Table  7  summarizes  the  flexibility  data  using  a  1/8"  mandrel. 


Table  7  -  Flexibility  Evaluation 


TEMPERATURE 

FORMULA  I 

FORMULA  m 

75°  F 

Pass 

Pass 

32°  F 

Pass 

Pass 

-28°F 

Pass 

Pass 

-65°  F 

Not  Available 

Pass 

Accelerated  Weathering 

Accelerated  weathering  is  another  important  screening  device  used  to  ensure  that  formulations 
developed  may  adequately  provide  the  necessary  perfoimance  with  respect  to  colorfastness  and 
durability.  We  evaluated  the  formulations  using  both  QUV  and  Xenon  type  weatherometers. 

The  Xenon  testing  was  conducted  using  an  Atlas  Ci'65  chamber  with  102  minutes  of  light  and 
18  minutes  of  light  and  deionized  water  specimen  spray.  A  black  panel  setting  of  63°  C,  50% 
relative  humidity,  and  irradiance  at  0.35  W/m2  was  used.  The  QUV  exposure  used  an  Atlas 
Ultra-Violet  Condensation  Screening  Device  (UVCON)  programmed  for  4  hours  of  UV  and  4 
(no  UV)  condensate  hours  per  cycle.  Fluorescent  UVA-340  bulbs  with  a  60°C  temperature 
setting  during  the  UV  cycle  and  50°C  temperature  setting  for  the  condensation  were  used.  All 
panels  were  sprayed  to  a  dft  of  1.8  -2.2  mils  and  air  dried  for  seven  days.  The  results  are 
graphed  and  tabulated  using  NBS  color  difference  versus  total  hours  of  exposure.  Only  formulas 
I  and  III  are  being  evaluated  since  they  offer  the  most  extensive  exposure  time  and  subsequent 
data.  Finally,  we  randomly  selected  commercial  batch  samples  of  two-component  polyurethanes 
to  provide  a  comparative  baseline.  Samples  were  tested  until  they  exceeded  the  2.5  NBS  color 
change  limit  currently  used  for  two-component  polyurethanes  in  MIL-C-46168.  The  data  in  both 
QUV  and  Xenon  exposure  suggest  exceptional  accelerated  weathering  resistance  for  formulas  I 
and  III  with  minimal  gloss  reduction. 
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Table  8  -  QUV  Accelerated  Weatliering 


EXPOSURE 

TIME 

(HOURS) 

FORMULA  I 

FORMULA  III 

CARC  SAMPLE 

COLOR 

CHANGE 

GLOSS 

60E/85E 

COLOR 

CHANGE 

(AEnbs) 

GLOSS 

60E/85E 

COLOR 

CHANGE 

(AEmbs) 

GLOSS 

60E/85E 

200 

- 

- 

.448 

0.7/ 1. 9 

.223 

0.5/ 1.1 

400 

.187 

1. 5/2.0 

.697 

0.7/2.0 

.317 

0..5/1.1 

600 

.308 

1. 4/2.0 

.771 

0.7/2. 1 

.461 

.05/1.1 

800 

.507 

1. 3/2.0 

.899 

0.8/2.3 

.790 

0.6/ 1.1 

1000 

.783 

- 

.996 

0.8/2.4 

1.35 

0.6/ 1.1 

1200 

.923 

1.2/1.8 

1.11 

0.8/2.4 

2.49 

0.6/ 1.2 

1400 

1.28 

1. 1/1.8 

1.19 

0.9/2.5 

2.48 

0.6/ 1.3 

1600 

1.68 

1. 1/1.7 

1.22 

0.9/2.6 

1800 

2.31 

1. 1/1.8 

2000 

2.45 

1.0/ 1.7 

2200 

3.21 

1.0/ 1.7 

Figure  1  -  NBS  Color  Changes  -  QUV 


formula  1  formula  3  standard  CARC 
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Table  9  -  Xenon  Arc  Accelerated  Weathering 


EXPOSURE 

TIME 

(HOURS) 

FORMULA  I 

FORMULA  III 

CARC  SAMPLE 

COLOR 

CHANGE 

(AEnbs) 

GLOSS 

60E/85E 

COLOR 

CHANGE 

(AE^iBs) 

GLOSS 

60E/85E 

COLOR 

CHANGE 

(AE.nbs) 

GLOSS 

60E/85E 

100 

- 

- 

- 

- 

- 

- 

200 

- 

- 

.610 

0.6/2.0 

- 

- 

300 

.383 

L4/2.0 

.557 

0.6/ 1.9 

.519 

0.5/ 1.1 

400 

.378 

1. 3/2.0 

.637 

0.6/ 1.9 

.873 

0.5/ 1.1 

500 

.476 

L2/2.0 

.640 

0.6/2.0 

1.59 

0.5/ 1.1 

600 

.565 

L1/L8 

.660 

0.6/2.0 

2.86 

0.6/0.9 

700 

.761 

1.0/ 1.7 

.716 

0.6/2.0 

800 

.877 

.08/1.8 

.690 

0.6/2.0 

900 

1.21 

0.9/ 1.7 

.718 

0.6/2. 1 

1000 

1.47 

- 

.741 

0.6/2. 1 

1100 

1.87 

0.8/ 1.7 

1200 

2.18 

0.8/ 1.6 

1300 

2.45 

0.7/ 1.6 

1400 

2.81 

0.7/ 1.5 

Figure  2  -  NBS  Color  Changes  -  Xenon 


formula  1  -^formulas  standard  CARC 
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Refining  the  Indexing 


As  noted  above,  early  efforts  within  our  laboratory  focused  on  formulations  with  NCO  to  OH 
ratios  between  2.0: 1 .0  and  3.5: 1 .0,  but  these  films  could  not  pass  the  Army’s  chemical  agent 
resistance  requirement.  For  this  reason,  further  investigations  used  formulations  with  NCO  to 
OH  ratios  of  5.0: 1.0.  In  an  effort  to  further  quantify  physical  properties,  three  polyurethane 
coatings  were  evaluated  using  Dynamic  Mechanical  Analysis  (DMA)  to  investigate  the 
relationship  between  dynamie  mechanical  properties  and  durability  properties  of  coated  test 
panels.^  Tbe  current  polyurethane  solvent-based  formulation,  used  as  a  chemical  agent  resistant 
camouflage  topcoat  on  all  military  tactical  vehicles,  was  investigated  along  with  newly 
developed  WR  polyurethane  coatings.  The  WR  coatings  offer  significantly  reduced  VOCs 
compared  to  the  solvent-based  system,  and  thus  represent  environmentally  compliant  coatings. 
DMA  investigations  revealed  that  the  two  classes  of  polyurethane  coatings  exhibit  different 
dynamic  mechanical  properties,  which  are  attributed  to  different  crosslinking  mechanisms 
involved  in  film  formation.  The  more  uniformly  crosslinked  solvent-based  coating  provides  the 
best  chemical  agent  resistance  but  the  poorest  mechanical  properties.  DMA  properties  were 
sensitive  to  the  degree  of  isocyanate  to  hydroxyl  indexing  in  the  WR  formulations  as  well  as  the 
drying  time  of  coatings  prior  to  evaluation.  DMA  investigations  indicated  that  longer  cure  times 
at  ambient  temperature  (6  or  more  months)  might  adversely  affect  the  mechanical  properties  of 
the  solvent-based  system  and  potentially  enhance  chemical  agent  resistance  of  the  WR  coating. 

DMA  was  performed  on  free  coating  films.  These  films  were  prepared  by  spraying  the  coating 
onto  release  paper.  The  films  were  dried  for  varying  lengths  of  time  at  ambient  temperature  (25 
+  2°C)  before  separating  them  from  the  release  paper.  Coating  film  thickness  varied  between 
1 60jxm-280pm.  Data  was  normalized  according  to  individual  sample  dimensions.  DMA  of  the 
coating  films  was  performed  using  an  Imass  Inc.  autovibron  (automated  Rheo-200  rheovibron, 
Toyo  Instruments).  The  samples  were  evaluated  from  -lOOEC  to  -t-150EC  at  a  heating  rate  of 
2EC  per  minute.  Data  was  collected  at  1 . 1  Hz.  Formulations  were  pigmented  conforming  to 
color  number  34094  (Green  383)  as  stated  in  MIL-C-46168D,  the  U.S.  Army  specification  for 
two-component  polyurethane  coatings.  Water-reducible  formulations  are  designated  “WR” 
followed  by  the  specific  NCO  indexing.  The  solvent-based  system  is  designated  as  “SOL”. 
Coating  panel  tests  were  conducted  according  to  MIL-C-46168D. 

DMA  was  performed  on  both  the  water-reducible  and  solvent-based  polyurethane  coatings  in  an 
effort  to  better  understand  the  differences  in  the  properties  of  the  different  formulations.  WR  3.5 
and  WR  5.0  both  pass  all  of  the  specification  requirements  with  the  exception  that  WR  3.5  does 
not  meet  the  necessary  requirement  for  chemical  agent  resistance.  Both  WR  formulations  exhibit 
greatly  reduced  VOC  compared  to  the  conventional  solvent-based  system.  Additionally,  the  WR 
formulations  exhibit  significantly  improved  impact  resistance  and  low  temperature  flexibility. 
These  properties,  determined  in  accordance  with  MIL-C-46168D,  are  shown  in  Table  10. 
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Table  10  -  Selected  Properties  of  Coated  Panels 


Sample 

VOC 

(<  420  g/L)“ 

CAR 

(<  ISOpg)^’'^ 

Forward  Impact 
Resistance 
(in-lbs) 

Low 

Temperature 

Flexibility*’’^ 

SOL 

~  420  g/L 

~20p.g 

52  ^  48  ^  28  ® 

F 

WR3.5 

~180g/L 

~  510p,g 

160",  148^  148" 

B 

WR5.0 

~  180  g/L 

~98pg 

148",  84^  100® 

P 

“  MIL-C-46168  requirement  shown  in  parenthesis 
data  reported  after  a  7  day  dry  time 
data  reported  after  a  10  day  dry  time 
data  reported  after  a  17  day  dry  time 
®  data  reported  after  a  24  day  dry  time 

^  P  =  pass,  B  =  borderline/pass,  F  =  fail  (Failure  is  indicated  by  visible  cracking  in  the  coating 
after  bending  the  coated  panel  around  a  mandrel  at  0°  C.) 

While  WR  5.0  meets  CAR  requirements,  WR  3.5  exhibits  the  most  enhanced  mechanical 
properties  which  are  important  for  long  term  durability  under  broadly  varying  environmental 
conditions  observed  in  service.  It  was  determined  that  the  type  of  crosslinking  required  for 
superior  CAR  is  different  from  that  required  to  optimize  mechanical  properties.  The  dynamical 
mechanical  properties  of  SOL  were  shown  to  be  much  more  sensitive  to  dry  time  compared  to 
the  WR  coatings,  which  may  adversely  affect  coating  properties  of  the  solvent-based  system  in 
service.  Also,  since  cost  is  always  a  consideration,  continuing  efforts  will  be  focused  on  reducing 
the  indexing  of  NCO  to  OH  and  still  achieving  chemical  agent  resistance.  In  addition  to  the 
improvements  noted  above  in  impact  resistance  and  flexibility,  much  improved  durability  has 
been  achieved  as  evidenced  by  the  accelerated  weathering  results  noted  in  Figure  3  below. 

These  results  compare  color  change  in  NBS  units  for  solvent  borne  CARC  versus  the  WB  CARC 
with  siliceous  extenders  versus  the  WB  SERDP  CARC  with  polymeric  beaded  extender  system. 
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Color  Change  (NBS  Units) 


Xenon  Arc  Accelerated  Weathering 


0  500  1000  1500  2000  2500  3000 

Weathering  Time  (Hours) 

WATER REDUaBLE/SILICBOUS EXTENDERS  -t- WATER REDUaBLE/POLYMERC BEADS  -♦-STANDARD  CARC 


Developing  the  Supplier  List 

As  ARL  reached  the  point  at  which  the  formulation  has  been  optimized,  work  began  on  two 
fronts  to  enable  its  use.  First,  a  military  specification  is  being  drafted  with  an  associated 
Qualified  Products  List  (QPL).  The  plan  at  this  point  is  for  it  to  be  a  “detail”  specification  with 
both  performance  and  composition  requirements,  due  to  the  critical  nature  of  the  chemical  agent 
resistance  requirement.  Initially,  the  document  will  contain  two  types.  Type  I  with  a  siliceous 
extender  system,  and  Type  II  with  the  non-siliceous  extender  system  (SERDP  WD  CARC). 

Secondly,  while  proceeding  with  the  Standardization  process  above,  ARL  is  using  its  established 
Experimental  Products  Program  (EPP)  to  develop  a  supplier  list  for  the  SERDP  WD  CARC.  The 
EPP  was  established  as  a  parallel  process  to  the  specification/QPL  process  as  a  way  of  evaluating 
performance-based  products  offering  either  environmental  benefits  not  found  in  an  existing 
specification  (e.g.,  a  lower  VOC  level)  or  performance  beyond  specification  requirements 
(improved  corrosion  resistance,  etc.).  It  can  also  be  the  means  by  which  ARL  can  establish  a 
consensus  in  the  composition  requirements  to  be  placed  in  a  specification  by  negotiating  among 
the  various  EPP  supplies  towai'd  a  generic  starting-point  formulation.  One  historical  example  of 
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this  process  was  with  the  development  of  the  current  Type  IV  (high  solids  version  with  a  VOC 
limit  of  3.5  pounds  per  gallon)  of  MIL-C'46168.  After  developing  a  coating  in  the  laboratory 
that  seemed  to  work,  we  asked  current  QPL  vendors  to  submit  high  solids  EPP  samples  while  we 
were  in  the  process  of  revising  the  material  specification.  Those  products  which  passed  this 
performance  testing  were  placed  on  the  QPL  for  the  Type  IV  in  MIL-C-dblbS  when  the  revision 
was  completed.  The  composition  requirements  were  developed  in  a  joint  effort  with  the  paint 
companies. 

Once  ARL  developed  the  patented  SERDP  WD  CARC  formulation,  we  began  soliciting  samples 
from  current  QPL  vendors  for  the  solvent  borne  CARC  specifications.  Through  the  use  of 
non-disclosure  agreements,  we  were  able  to  exchange  the  basic  technology  for  the  system  while 
protecting  ARL’s  intellectual  property  rights.  Working  with  these  paint  manufacturers,  we  have 
been  able  to  develop  a  growing  list  of  suppliers  for  SERDP  WD  CARC.  As  a  result  of  the  EPP 
testing  completed  at  this  point,  we  have  verified  acceptable  chemical  agent  resistance  results  for 
the  manufacturers  by  Type  and  color  as  shown  in  Table  1 1  below,  and  we  expect  to  issue  final 
approval  letters  once  a  small  amount  of  our  laboratory  testing  on  the  paint  is  finished. 


Table  1 1  -  Selected  Properties  of  Coated  Panels 


WD  CARC  Type 

Manufacturer 

Color 

I 

Sherwin-Williams 

Green  383 

I 

Sherwin-Williams 

Brown  383 

'  I 

Sherwin-Williams 

Black 

I 

Sherwin-Williams 

Tan  686A 

I 

Niles  Chemical  Paint  Co. 

Green  383 

I 

Niles  Chemical  Paint  Co. 

Brown  383 

I 

Niles  Chemical  Paint  Co. 

Black 

I 

Niles  Chemical  Paint  Co. 

Tan  686A 

I 

Spectrum  Coatings 

Green  383 

I 

Spectrum  Coatings 

Brown  383 

I 

Spectrum  Coatings 

Black 

I 

Hentzen 

Green  383 

I 

Hentzen 

Brown  383 

I 

Hentzen 

Black 

I 

Stic-Adhesive 

Brown  383 

n 

Sherwin-Williams 

Green  383 

II 

Hentzen 

Green  383 

The  next  stage  in  the  implementation  process  will  be  via  the  Environmental  Security  Technology 
Certification  Program  (ESTCP)  project  #20024.  This  effort  will  demonstrate/validate  the 
technology  developed  in  this  SERDP  effort  by  applying  material  manufactured  by  one  of  the 
above  suppliers  at  three  DoD  production  sites,  Barstow  (MC)^,  Ogden  AFLC,  and  Tobyhanna 


AD. 
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CONCLUSIONS; 


1 .  The  Coatings  Technologies  Team  of  the  US  Army  Research  Laboratory  in  Aberdeen,  MD  has 
developed  a  water-reducible,  two-component  polyurethane  topcoat  implementing  water- 
dispersible  hydroxy-functional  polyesters  and  water  dispersible  polyisocyanates.  It  has  a  VOC 
of  less  than  180  g/L,  and  through  the  use  of  a  novel  pigment  system,  provides  chemical  agent 
resistance  plus  improved  low  temperature  flexibility,  impact  resistance,  and  weathering 
durability. 

2.  Additives  to  control  flow,  wetting,  and  dispersion  are  much  more  critical  in  WB/WD/WR 
systems  than  in  standard  solvent  systems  and  their  placement  and  amount  must  be  optimized. 

3.  Patent  #  5,691 ,410  was  awarded  for  the  WD  low  VOC  CARC  formula  that  is  the  basis  for  the 
SERDP  effort. 

4.  ARL  has  transitioned  from  Dugway  Proving  Ground  to  the  Soldier  and  Biological  Chemical 
Command  (SBCCOM)  at  Edgewood  Proving  Ground  for  its  source  of  chemical  agent  resistance 
testing.  SBCCOM  has  validated  new  procedures  for  both  HD  and  GD  testing. 

5.  ARL  has  validated  the  formulation  and  verified  the  performance  of  all  five  colors  of  interest 
in  the  SERDP  effort  (Green  383,  Brown  383,  Black,  Tan  686A,  and  Gray  #26251)  at  the  ARL 
laboratory  level,  at  the  laboratory  level  of  a  coatings  industry  partner,  at  the  level  of  a  pilot  plant 
batch  size  manufactured  by  the  industry  partner,  and  at  the  level  of  a  production  size  batch  by  the 
industry  partner. 
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Appendix 

Technical  Publications 


Conference  Proceedings. 

ARL  hosted  a  DoD/User/Supplier  CARC  Workshop  on  September  1  -2,  1999.  The  purpose  of 
this  gathering  was  to  lay  out  the  future  of  CARC,  including  plans  for  implementation  of  the 
SERDP  CARC,  via  the  dem/val  process  that  the  Low  VOC  CARC  SERDP/ESTCP  team  will  be 
pursuing  in  the  upcoming  year.  Briefings  by  ARL  included  formulation  efforts,  the 
Experimental  Products  Program  and  Qualified  Products  List  processes  by  which  it  will  be 
implemented,  and  the  future  potential  for  including  signature  management  requirements.  The 
workshop  was  attended  by  DoD  representatives  from  all  services,  coatings  manufacturers,  and 
members  of  the  user  community. 

“Low  VOC  and  HAP-free  Camouflage  Coatings  for  DoD  Applications”,  presented  at  the  10th 
Annual  Intemational  Workshop  on  Solvent  Substitution  on  September  14,  1999. 

“Characterization  and  Performance  Testing  of  Water  Reducible  Polyurethane  Coatings  for 
Military  Application”,  presented  at  the  DOD/Industry  Aerospace  Coatings  Conference  in 
Monterey,  CA  on  May  19,  1999. 

“Water-Reducible  Camouflage  Coatings  for  DoD  Applications”,  presented  at  the  25th 
Environmental  Symposium  &  Exhibition  in  Denver,  CO  on  March  31,  1999. 

“CARC  As  A  System,”  presented  at  the  Army  Pollution  Prevention  Technology  Integration 
Review  in  Pocono  Manor,  PA  on  July  16,  1998. 

“Environmentally  Benign  Chemical  Agent  Resistant  Coatings”  (poster),  presented  at  the 
Rodman  Building  in  Aberdeen  Proving  Ground,  MD  on  June  12,  1998. 

“CARC  As  A  System,”  presented  at  the  Army  Acquisition  Pollution  Prevention  Program  IPR,  in 
Dayton,  OH  on  June  3, 1998. 

“Environmentally  Acceptable  Protective  Coatings  For  Army  Tactical  Equipment  And 
Ammunition,”  presented  at  the  Aircraft  Coatings  Workshop  in  Aberdeen  Proving  Ground,  MD 
on  April  30,  1998. 

“Low  Volatile  Organic  Compound  (VOC)  Chemical  Agent  Resistant  Coating  (CARC),” 
presented  at  Aberdeen  Proving  Ground,  MD  on  April  22,  1998. 


Open  Literature  Publications. 

ARL-TR-1950,  “Development  of  Polyurethane  Coatings  for  Military  Applications”,  published  in 
May  1999. 
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“  Thermal  Characterization  of  Novel  Polyurethane  Coatings  for  Military  Applications”  by  D. 
Crawford  and  John  A.  Escarsega,  North  American  Thermal  Analysis  Society  Conference 
/Proceedings,  September  1998. 

“Fourier-Transform  Infrared  (FTIR)  Characterization  of  Chemical  Agent  Resistant  Coatings 
(CARC)  Durability  Using  Infrared  (IR)  Cards  and  Silicon  Wafers”  by  W.  Lum,  P.  Patterson  and 
J.  Escarsega,  Polyurethane  Expo  98,  September  1998. 

“Coatings  Emissions  and  Relative  Ozone  Formation”  by  J.  R.  Wells,  J.  S.  Baxley,  and  John  A. 
Escarsega,  Metal  Finishing,  Vol  96,  No  4,  pg  33-37  Elsevier  Science  Inc.,  April  1998. 
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Low  Volatile  Organic  Con^iound  (VOC)  Chemical  Agent  Resistant  Coating  (CARC) 


INTRODUCTION 

The  Strategic  Enviromnental  Research  and  Development  Program  (SERDP)  has  funded  a  tri- 
service  eflfort  to  develop  a  low  Volatile  Organic  Compound  (VOC)  Chemical  Agent  Resistant  Coating 
(CARC)  system  for  use  on  Army,  Marine  Corps,  and  Air  Force  equipment.  The  chemical  agent  resistant 
and  camouflage  coating  must  comply  with  cuirent/anticipated  regulatory  requirements  for  VOC  and 
eliminate  hazardous  air  pollutants  (HAPs)  and  toxic  solvents  used  in  current  CARC  formulations. 
Additionally,  the  new  formulation  must  meet  performance  requirements  for  all  three  agencies. 

The  technical  effort  has  been  broken  into  three  phases — ^fonnulation,  application,  and  stripping, 
with  each  agency  overseeing  one  of  the  phases.  The  Army  Research  Lab  (ARL)  is  conducting  the 
formulation  efforts.  Naval  Surface  Warfare  Center,  Carderock  Division  (NSWCCD)  the  application  studies, 
and  Wright  Research  Labs  (WRL),  along  with  Southwest  Research,  Inc.  the  de-paint  or  stripping  studies. 

This  report  will  focus  on  the  application  studies  conducted  by  NSWCCD.  These  studies  include 
non-film  paint  properties,  laboratory  application  analysis,  post-application  properties  (both  uncured  and 
cured),  and  theological  characterization.  A  Design  of  Experiment  (DOE)  study  is  used  to  quantify  the  cause 
and  effect  relationships  among  application  parameters  and  final  film  performance  properties.  The  cause  and 
effect  relationships  (revealed  by  the  DOE)  can  then  be  used  to  tailor  application  processes  to  influence  the 
final  film  properties,  hence  satisfying  varying  performance  requirements. 

The  following  report  describes  technical  accomplishments  in  the  application  studies  fi’om  October 
1,  1997  through  February  29,  2000. 


EXPERIMENTAL 


Materials 

The  primary  material  tested  and  analyzed  was  SERDP  Low  VOC  CARC.  This  material  was 
manufactured  by  Hentzen  Coatings,  Inc.  as  part  of  a  pilot-plant,  quality-conformance  batch  and  was  based 
on  the  formulation  established  by  the  U.S.  Army  Research  Laboratory  (ARL).  This  formulation  was 
produced  in  low-gloss  camouflage  green  (FED-STD-595  Color  34094)  and  low-gloss  camouflage  gray 
(FED-STD-595  Color  36251)  with  VOC  content  at  216  g/1.  These  materials  will  be  referred  to  as 
WRCARC  (34094)  and  WRCARC  (3625 1),  respectively.  Color  34094  is  also  referred  to  as  green  383  in 
matQr  Array  specifications.  The  Air  Force  uses  or  plans  to  use  color  34094  for  exterior  shelters  and  a 
specific  tactical  aircraft.  The  standard  Army  solvent-borne  CARC,  MIL-C-46I6S,  and  the  standard  Marine 
Corps  camouflage  coating  MIL-C-29475,  were  tested  as  control  (comparison)  coatings.  These  control 
coatings  are  specified  with  VOC  contents  of 420  g/1  and  216  g/1,  respectively.  Solvent-borne  epoxy,  MIL- 
P-53022,  was  used  as  the  standard  primer,  since  it  is  the  most  common  primer  for  CARC  systems  in  the 
DOD.  This  was  confirmed  by  total  GSA  volume  sales  and  by  the  information  generated  in  the  application 
survey  of  field  maintenance  units  (see  Appendix).  The  standard  substrate  was  a  SAE  1010  cold-rolled  steel 
(CRS)  coupon  with  25  -  65  microinch  textured  roughness,  which  is  representative  of  general-use,  sheet- 
metal  applications.  Depending  on  the  type  of  test,  the  coupon  was  either  tested  bare  (i.e.,  non-pretreated)  or 
with  a  zinc  phosphate  pretreatment  per  TT-C-490,  Type  I.  2024  T3  Alclad  with  MIL-C-5541  chromate 
conversion  coating  was  used  in  a  limited  number  of  adhesion  and  permeation-resistance  tests.  Test 
substrates  composed  of  2024  TO  aluminum  with  a  chromic  add  anodize  per  MIL-A-8625,  Type  1  were  used 
for  all  flexibility  and  impact  tests,  due  to  the  malleability  of  this  material  type.  Dimensions  of  the  standard 
steel  substrate  were  3”x6"x0.032'',  excepting  those  required  for  the  Taber  abrasion  test,  which  were 
4"x4"x0.032".  All  aluminum  test  panels  had  dimensions  of  3"x6''x0.025''.  The  general  test  spedmen 
configuration  is  depicted  in  Figure  1 . 

Tests  and  Equipment 

The  paint  components  and  admixed  materials  were  characterized  using  the  following  non-film 
paint  tests  according  to  the  appropriate  ASTM  or  military  specification  method. 
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Volatile  Content  or  Weight-Percent  Solids 

ASTM  D  2369 

Wet  Density  or  Wright  per  Gallon 

ASTM  D  1475 

Fineness  of  Dispersion  or  Grind 

ASTMD  1210 

Flash  Point  (Pensky-Martens  Closed  Cup) 

ASTM  D  93 

Ford  Cup  \^scosity  and  Pot  Life 

ASTMD  1200 

Accelerated  Storage  Stability 

MIL-C-29475 

Freeze-Thaw  Storage  Stability 

MIL-P-53030 

In  general,  standard  paint  application  methods  were  used  to  prepare  test  specimens — conventional 
air-atomizing  spray  with  a  siphon  cup,  0,070"  fluid  nozzle,  45-psi  airline  pressure,  and  horizontally 
oriented  test  coupons.  A  nonstandard  application  conformance  test  was  also  employed  to  determine  the 
film  formation  characteristics  of  the  WRCARC  over  a  range  of  application  variables  (based  on  visual 
quantification  at  varied  film  thickness).  The  investigated  variables  were  application  equipment 
(conventional  versus  HVLP),  nozzle  size  (0.055"  versus  0.070"),  air  line  pressure  (45  versus  60  psi),  panel 
orientation  (horizontal  versus  vertical),  mixing  procedure  (recommended  versus  efficient),  induction  time  (0 
versus  2  hours),  and  primer  application  (absent  versus  present).  These  equipment  options  were  appropriate 
for  the  candidate  paints  and  riso  were  the  most  common  among  the  field  activities  (see  Appendix).  All 
coatings  were  applied  in  cross-coats  (i.e.,  90°  offset  between  2  successive  deposition  passes)  and  allowed  to 
cure  at  room  temperature  (^proximately  72"F)  for  7  days  unless  the  contrary  is  indicated. 

The  post-application  and  cured-film  properties  were  characterized  ria  the  followng  ASTM,  federal 
standards,  and  military  specification  test  procedures; 

Humidity  Controlled  Environment 

ASTMD  5032 

Sag  Resistance 

ASTMD  4400 

Drying  Time 

ASTMD  1640 

Discontinuity/Holiday  Test 

ASTMD  5162 

Color  [using  CIELAB,  D65  illuminant,  10°  observer]  ASTM  E  308 

Color  Change  or  AE 

ASTMD  2244 

20°,60°,  85°  Gloss 

ASTM  D  523 

Tensile  Adhesion 

ASTM  D  4541,  type  IV 

Tape  Adhesion 

ASTM  D  3359,  Method  A 

Tape  Adhesion 

FED-STD-141  Method  6301 

Tape  Adhesion 

TT-P-2756 

Taber  Abraaon  Resistance 

ASTM  D  4060 

Mandrel-Bend  Flexibility 

ASTMD  1737 

Gardner  Impact  Resistance 

ASTM  D  2794 
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GE  Impact  Flexibility 
Water  Immersion  Resistance 
Recoatability 


FED-STD-141,  Method  6226 

TT-P-2756 

MIL-C-46168 


The  X-cut  tape  adhesion  test  per  ASTM  D  3359  Method  A  and  the  parallel  cut  procedure  per 
EED-STD-141  Method  6301  were  combined  to  increase  the  severity  of  the  tape  adhesion  test.  As  depicted 
in  Figure  2,  two  parallel  scribe  cuts  were  applied  to  the  same  test  area  as  the  specified  X-cut,  prior  to  tape 
^plication  and  removal.  This  combination  produces  a  wider  range  of  scribe-cut  intersection  angles  and  also 
increases  the  number  of  potential  feilure  zones  fi:^om  4  to  12.  In  addition,  the  application  and  removal  of  the 
tape  is  performed  twice  (but  in  opposite  directions)  over  the  same  test  area  to  increase  the  probability  of  a 
debonding  failure.  Also,  in  order  to  further  increase  the  severity  of  the  standard  ASTM  tape  test,  the  water 
temperature  and  time  of  immersion  are  both  elevated  fi'om  those  specified  in  TT-P-2756. 

Recoatability  testing  was  performed  in  accordance  with  MlL-C-46168.  The  specification  requires 
no  lifting,  softening,  or  other  film  irregularities  on  unprimed  zinc-phosphate-treated  1010  CRS  test  panels 
after  recoating  at  2-hr  and  24-hr  irrtervals.  Recoat  durations  of  72  and  168  hours  were  also  evaluated. 
Quantitative  evaluation  of  these  test  specimens  was  conducted  via  tensile  adhesion  testing  (ASTM  D  4541, 
type  rV)  over  primed  and  unprimed  substrates  after  all  of  the  coatings  had  cured  for  at  least  5  weeks. 

The  compatibility  of  the  WRCARC  topcoat  and  the  standard  control  topcoat  (MIL-C-46168)  with 
a  variety  of  primers  was  quantified  via  tensile  adhesion  testing  (ASTM  D  4541,  type  IV)  at  coating  cure 
drrrations  of  3  days  and  7  days.  Since  the  present  effort  is  multi-service  DOD  oriented,  primers  typically 
used  by  the  Army,  Air  Force,  Navy,  and  Marine  Corps  were  evaluated  (i.e.,  MIL-P-53022,  MIL-P-53030, 
MIL-P-23377  class  C,  MIL-P-85582  class  N,  TT-P-2760,  TT-P-2756,  BMS-1011,  MIL-P-26915,  Bar 
Rust  235).  To  prevent  flexing  of  the  painted  test  coupon  during  adhesion  testing,  the  painted  test  coupons 
(3”x6”x0.032”  1010  CRS  with  TT-C-490  treatment)  were  bonded  to  12”xl2”x0.25”  steel  plates. 

Rheological  Testing 

Introduction 

To  better  characterize  the  water-reducible  SERDP  chemical-agent-resistant  coating  (WRCARC),  its 
rheological  properties  are  being  examined  and  compared  to  those  of  solvent-borne  chemical-agent-resistant 
coating,  MlL-C-46168.  These  formulations  are  all  available  in  the  standard  camouflage  colors;  rheological 
data  presented  in  this  interim  report  will  be  limited  to  the  camouflage  green  (34094)  and  gray  (36251). 

Rheology  is  the  study  of  the  flow  and  defirrmation  of  matter,  and  a  basic  rmderstanding  is  an 
important  pajrt  of  proper  coating  formulation.  Study  of  rheological  data  also  allows  one  to  make  accurate 
predictions  relating  to  real-world  coating  performance*. 

Some  important  definitions  necessary  for  a  basic  understanding  of  Rheology  are  presented  below: 

Shear  Stress  (x)  is  the  shear  force  acting  on  the  material  per  unit  area.  Typical  units  are  Pascals 
(Newtons/meterQ  and  Dynes/centimeter^. 

Shear  Strain  (y)  is  a  measure  of  magnitude  of  deformation  relative  to  the  sample  length.  For  a  material 
undergoing  shear  deformation  in  the  positive  x-axis  direction,  the  shear  strain  is  the  difference  in  the  final 
and  initial  sample  length  divided  by  the  sample  thickness.  Shear  strain  is  frequently  reported  in  percent 
(%). 

Shear  Rate  (dy/dt)  or  shear  strain  rate  is  simply  the  change  of  strain  with  time;  it  is  equal  to  the  velocity 
of  the  top  layer  of  the  sample  divided  by  the  sample  thickness  and  has  units  of  reciprocd  time,  e  g.  s'*. 
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Viscosity  (ti)  is  a  measure  of  a  material’s  resistance  to  flow  and  reflects  the  rate  at  which  the  material  will 
dissipate  deformational  energy  via  flow.  Viscosity  can  be  calculated  by  the  ratio  (Shear  Stress)/(Shear  Rate) 
and  has  units  Pascal*sec  (Pa-s)  or  Poise  (P),  where  1  Pa-s  =  10  P. 

Yield  Stress  is  the  minimum  amount  of  stress  required  to  induce  flow  in  a  material. 

There  are  two  types  of  rheological  testing:  dynamic  mechanical  (osciliatoiy)  testing  and  steady 
(linear  testing).  Dynanac  testing  is  conducted  by  applying  a  sinusoidal  stress  to  the  sample  material  and 
then  measuring  the  resultant  strain.  Because  of  the  oscillatory  nature  of  dynamic  testing,  the  strain 
measurement  will  typically  lag  behind  the  applied  stress — ^this  is  characterized  by  a  phase  an^e.  Sleacfy 
testing  takes  place  during  the  application  of  a  stress  that  is  constant  in  amplitude  or  is  linearly  ramped. 
Since  there  is  no  oscillatory  application  of  stress,  there  is  no  assodated  lag  in  strain.  Similarly,  transient 
testing  involves  controlled  steady  stress  measurements  taken  following  a  step  stress,  from  one  stress 
amplitude  to  another. 

When  a  dynamic  test  is  conducted,  the  equipment  applies  stress  in  a  sinusoidal  waveform;  some 
key  parameters  are 

X  =  applied  stress 
Y  =  strain 

6  =  phase  angle  lag  of  the  strain  to  the  applied  stress  -  this  lag  is  the  basis  for  dynamic  testing 
o)  =  frequency  -  analogous  to  velocity  or  4e  “processing  speed” 

The  sinusoidal  waveform  stress  is  applied  in  the  form 

X  =  Tosin(a)t)  (1) 

vdia^e  T  =  stress  at  time  t 

To  =  initial  stress  and  the  amplitude  of  the  wave 
0)  =  frequency  of  the  applied  stress 

The  response  to  the  ^plied  stress  depends  on  whether  the  material  is  elastic,  viscous  or 
viscoelastic.  For  a  purely  elastic  response,  the  resultant  strain  follows  the  stress  directly  and  the  lag  6  =  0. 
The  response  follows  Hooke’s  Law,  which  states  that 

T=GY(t)  (2) 

where,  G  =  elastic  modulus 

Y  (t)  =  strain  as  a  fimction  of  time 

In  a  purely  elastic  response,  there  is  no  lag,  and  from  equations  (1)  and  (2)  it  is  seen  that 

T  =  GYoSin(cot)  (3) 

wh^e  Y  o  “  amplitude  of  the  strain  wave  function. 

For  a  purely  viscous  response,  Newton’s  Law  is  obeyed 

T  =  iiY(t)  (4) 


Through  some  mathematics  it  is  seen  that 

T  =  toY  oSin(a)t  +  3t/2)  (5) 

Basically,  the  strain  lags  behind  the  applied  stress  by  90®  for  an  ideal  fluid. 

In  reality,  all  polymers  (including  those  in  this  study)  have  both  elastic  and  viscous  properties, 
and  are,  therefore,  referred  to  as  viscoelastic  materials.  For  a  viscoelastic  material,  the  “resultant”  stress  can 
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be  broken  up  into  two  waveform  components:  an  elastic  stress  in  phase  with  the  strain  and  a  viscous  stress 
in  phase  wdth  the  strain  rate.  The  residtant  stress  is  a  complex  stress  comprised  of  the  two  component 
stresses: 


t'  =  Tocosd  (elastic  stress)  (6) 

t"  =  Tosinb  (viscous  stress)  (7) 

These  stresses  are  commonly  expressed  in  terms  of  a  complex  stress,  t,  where 

T*  =  t'  +  ir"  (8) 

This  allows  a  complex  modulus,  G*,  to  be  defined 

G*  =  x7y  (9) 

The  complex  modulus  is  often  separated  into  its  components 

G*  =  G'  +  iG"  where  G'  =  elastic  or  storage  modulus 
G"  =  viscous  or  loss  modulus 

The  storage  modulus,  G',  is  a  measure  of  a  material’s  elasticity,  and  is  associated  with  the  energy 
stored  in  elastic  deformation.  The  loss  modulus,  G",  is  a  riscosity  term  associated  with  the  dissipation  of 
viscous  energy.  The  ratio  G’VG'  is  equal  to  tan6,  which  can  give  valuable  information  on  coating 
properties. 

There  are  two  common  types  of  rheometers  used  to  cany  out  rheological  testing:  (1)  controlled 
stress,  and  (2)  controlled  strain.  Ih  the  former,  a  stress  is  applied  and  the  instrument  measures  the  strain; 
in  the  latter,  a  strain  is  applied  and  the  stress  is  then  measured.  The  coatings  in  this  study  were  evaluated 
with  a  controUed-stress  rheometer. 

Experimental 

The  rheological  testing  is  bemg  performed  with  a  stress-controlled  rheometer,  manufactured  by 
Rheometric  Scientific™  (Model  SR-2000).  Figure  3  depicts  the  SR-2000^. 

Viscosity  profiles  were  generated  via  Steady  Stress  Sweep  tests.  This  important  procedure  is  used  to 
generate  a  viscosity  profile  (sometimes  called  a  flow  curve)  of  the  coating.  A  Steady  Stress  Sweep  applies  a 
range  of  stress  levels,  each  at  constant  amplitude.  Successive  measurements  are  taken  at  each  stress  level. 
Stress  amplitude  can  be  incremented  or  decremented,  with  stress  increments  scaled  either  logarithmically  or 
linearly.  Temperature  is  held  constant  during  the  test.  By  observing  how  the  viscosity  changes  with 
increasing  (or  decreasing)  shear  rate,  it  is  possible  to  predict  important  material  behavior,  such  as 
resistance-to-sagging,  settling,  leveling,  and  sprayability. 

Figure  4  (taken  fi'om  reference  3)  demonstrates  how  viscosity/strain-rate  data  can  be  used  to  predict 
the  performance  of  two  coating  S5rstems.  Very  low  shear  rates  (up  to  around  0. 1  s‘7  are  indicative  of  those 
resulting  fi-om  gravitational  forces  and  can  be  related  to  the  magnitude  of  shear  rate  the  coating  would 
undergo  during  storage  or  post-application.  During  storage  the  coating  would  experience  very  low  shear 
rates  (those  induced  by  gravity)  which  can  be  sufficient  to  cause  pigment  settling.  The  shear  rates 
associated  with  transport  (truck  or  train,  e.g.)  are  higher  than  gravitational  shear  alone — ^these  slightly 
higher  shear  rates  may  be  enough  to  induce  pigment  settling  (which  would  not  necessarily  occur  during 
storage).  Post-Application  shear  rates  are  also  low  and  are  related  to  leveling  and  sagging  effects. 
Intermediate  shear  rates  (10  to  100  s’’)  are  effected  when  a  coating  is  stirred,  and  these  levels  are  associated 
with  the  feel  and  appearance  of  the  coating.  High  shear  rates  (greater  than  1000  s’’)  are  generally  seen  during 
the  application  process — spraying,  brushing,  or  rolling. 
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Procedure 

To  perform  the  rheological  testing,  samples  of  recently  mixed  coating  are  introduced  into  a 
double-wall  couette  cup  (Figure  5),  and  stress  is  then  applied  to  the  samples  by  means  of  a  rotating  bob. 
Couettes  are  designed  for  testing  low  viscosity  fluids  and  for  use  whenever  very  low  stresses  are  required. 
The  couette  system  consists  of  a  titanium  bob  and  stainless  steel  cup  (see  Figure  5)— the  bob  is  attached  to 
the  stress  head  and  is  inserted  into  the  couette  cup  during  testing.  This  tool  will  provide  shear  rates  from  0 
to  1048  sec'*  and  strains  from  0.5%  to  500%. 

The  samples  were  prepared  in  the  following  matmer. 

WRCARC  (34094  and  2625n  -  These  are  three-part  water-reducible  coatings,  consisting  of  a 
polyol  base  (part  A),  an  isocyanate  catalyst  (part  B),  and  deionized  water  (part  C).  It  is  mixed  in  a  2:1 : 1 
(AB:C)  ratio.  To  prepare  the  sample,  part  A  is  thoroughly  mixed  with  part  B.  Deionized  water  is  then 
added  and  mixed  with  parts  A  and  B.  The  mixture  is  allowed  to  sit  for  5  minutes  and  then  introduced  via 
pipet  into  the  double-waU  couette. 

MIL-C-46168  (34094  and  362511  -  These  two-part  solvent-bome  coatings  consists  of  a  polyol 
base  (part  A),  and  an  isocyanate  catalyst  (part  B).  The  mix  ratio  is  4:1  (A:B).  Parts  A  and  B  are  mixed  for 
20s  and  then  tested  after  5  minutes. 

Design  Of  Experiment 

The  formulation  of  a  polyurethane  WRCARC  for  use  by  multiple  services  presented  a  unique 
challenge  with  respect  to  application  procedures.  The  material  is  intended  to  be  a  “drop-in”  substitute  for 
currerrtly  used  coatings  by  the  Army,  Marine  Corps,  and  Air  Force.  Compatibility  with  the  equipment  and 
processes  used  by  all  three  services,  along  with  the  varying  final  film  performance  requirements  for  each 
Agency,  dictated  the  need  for  a  thorough  understanding  of  the  cause  and  effect  relationships  between 
application  parameters  and  final  film  performance. 

To  determine  these  cause  and  effect  relationships,  a  Design  of  Experiment  (DOE)  test  matrix  was 
developed. 

The  specific  DOE  matrix  is  a  two-level  fractional  factorial  design.  A  major  use  of  fractional 
fectorial  designs  is  screening  experiments,  in  which  many  factore  are  considered  with  the  purpose  of 
identi^dng  those  factors  (if  any)  which  have  large  effects.  Of  the  many  factors  that  a  screening  design 
examines,  a  few  important  terms  can  stand  out  in  comparison  to  the  others.  Also,  because  the  goal  of  the 
experiment  is  usually  to  optimize  some  response  rather  than  show  statistical  significance,  the  factor(s)  that 
influence  the  predicted  response  are  of  overriding  interest. 

For  this  effort,  NSWCCD  amultaneously  evaluated  the  effect  of  twelve  independent  variables 
(application  parameters)  on  ten  different  dependent  variables  (film  performance  properties).  Each  of  the 
independent  variables  was  evaluated  at  two  levels.  The  independent  variables,  their  corresponding  test 
levels,  and  the  dependent  variables  (or  performance  properties)  are  listed  in  Table  1.  The  DOE  utilized  a 
axteen  experiment  test  matrix  with  each  experiment  (or  panel  set)  bang  prepared  as  summarized  in  Table 
2.  The  dependent  variables  were  measured  via  the  twenty  performance  tests  listed  in  Table  3.  Each  test  was 
performed  in  accordance  with  the  method  cited  m  the  table. 

The  test  design  used  is  classified  as  a  Resolution  in  design.  This  is  a  design  in  which  the  main 
variables  (independent  variables)  are  not  “aliased”  with  any  other  main  variable.  Alias  is  a  term  in 
experimental  design  describing  two  or  more  effects  that  cannot  be  distinguished  as  the  specific  cause,  based 
on  the  design  of  the  experiment.  Stated  differently,  two  or  more  factors  will  appear  to  have  the  exact  same 
effect.  The  Resolution  IB  design  prevents  aliasing  among  each  of  the  independent  variables,  thus  allowing 
independem  analyses  of  each  of  the  variables  and  their  effects.  However,  main  effects  are  aliased  with  two- 
factor  interactions  and  two-fector  interactions  may  be  aliased  with  each  other.  Thus,  independent  variables 
that  interact,  to  produce  an  effect,  cannot  be  distinguished.  This  design  also  relies  on  the  “Sparsity  of 
Effects  Principal”  which  states  “Wien  there  are  several  variables,  the  system  or  process  is  likely  to  be 
driven  primarily  by  some  of  the  main  effects  and  low-order  interactions'*.”  By  identifying  the  aliasing 
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Structure  an  intiutive  decision  can  be  made  whether  the  interactions  would  have  a  significant  effect.  Other 
designs  are  available  to  evaluate  the  effect  of  these  interactions. 

The  test  parameters  (sample  size,  number  of  experiments,  number  of  readings,  etc.)  were  chosen  to 
provide  a  95%  confidence  level  in  the  results,  and  ultimately,  the  influences  observed. 

The  cause  and  effect  relafionships  discovered  by  the  design  will  identify  appHcation  parameters 
which  may  require  increased  control,  to  provide  desired  film  performance.  It  may  also  provide  a  basis  to 
predict  p^ormance  if  material  has  been  applied  outside  of  specified  procedures. 


RESULTS  AND  DISCUSSION 


Non-Film  Paint  Properties 

The  non-film  (prior  to  the  application  process)  paint  properties  are  presented  in  Table  4.  The  tests 
listed  therein  were  utilized  to  establish  and/or  confirm  baseline  properties  of  the  individual  components  and 
of  the  admixed  paint.  Weight-percent  solids,  wet  density,  fineness  of  dispersion,  and  viscosity/pot-life 
tests  can  be  used  in  the  lab  or  at  field  maintenance  facilities  to  confirm  the  quality  and  stability  of  the 
material  over  the  course  of  its  shelf  life.  These  tests  are  also  often  used  as  a  basis  for  extending  shelf  life. 
Volume-percent  solids  is  an  invaluable  test  for  approximating  the  dry-film  thickness  from  wet-film 
thickness  measurements.  The  tenn  admixed  in  this  table  implies  that  the  paint  was  immediately  tested  after 
being  mixed  according  to  the  following  recommended  procedure:  2  volume  parts  of  component  A  mixed 
thoroughly  with  1  volume  part  of  component  B;  then  I  part  of  deionized  water  is  thoroughly  mixed  into 
the  A/B  component  mixture.  The  mixing  procedure  and  its  effect  on  performance  will  be  discussed  later  in 
this  report. 

The  weight-percent-solids  and  wet-density  data  deviated  from  the  manufacturer's  data  by  0.1  to 
1 .9%,  which  is  certainly  acceptable.  The  fineness  of  dispersion  of  the  pigmented  components  for  both  the 
green  and  gray  colors  were  slightly  less  than  the  minimum  requirement  of  3.0  in  MIL-C-46168.  This 
should  not  be  a  problem  since  these  paint  batches  represent  the  initial  scale-up  production  batches  of  this 
novel  technology.  Also,  the  current  gloss  values  of  WRCARC  are  low  enou;^  that  this  material  can 
tolerate  an  increased  level  of  grinding,  which  could  be  necessary  to  increase  fineness  of  dispersion  to  at 
least  3.0.  Flash  points  for  the  pigmented  component  (part  A)  for  both  colors,  as  shown  in  Table  4,  were 
greater  than  212^  due  to  significant  water  content  in  the  coating.  An  exact  flash  point  could  not  be 
determined  since  the  water  started  to  boil  at  about  200“F. 

Viscosity  values  conformed  to  those  in  the  manufacturers'  technical  data  sheets.  Figure  6  shows 
the  difference  in  initial  viscosity  and  viscosity  over  time  for  the  WRCARC,  MIL-C^6168,  and  MIL-C- 
29475.  WRCARC  (34094)  displays  a  slight  and  tolerable  increase  in  viscosity  up  to  about  4  hours, 
whereas  WRCARC  (36251)  demonstrates  no  significant  change  in  viscosity  for  up  to  6  hours.  MIL-C- 
46168  and  MIL-C-29475  were  tested  using  the  Ford  M  cup  for  direct  comparative  purposes,  despite  the 
feet  that  this  type  of  viscometer  was  designed  for  paints  with  efflux  times  between  20  and  100  seconds.  A 
more  approprierte  and  valid  comparison  of  WRCARC  to  the  control  paints  using  a  controlled  stress 
rheometer  is  discussed  later  in  the  Rheology  section  of  this  report. 

The  conditioning  procedures  for  the  accelerated  and  freeze-thaw  storage  stability  tests  were 
obtained  from  MIL-C-29475  and  MIL-P-53030,  respectively,  and  were  specifically  chosen  since  they  were 
the  most  severe  of  all  appropriate  water-borne  military  specifications.  These  storage  stability  tests  were 
conducted  to  determine  resin  and/or  pigment  deficiencies  at  harsh,  accelerated  conditions.  After  the 
conditioning  process,  the  stability  and  homogeneity  of  the  componeirts  were  evaluated  before  and  after  five 
minutes  of  mechanical  shaking.  Also,  the  admixed  viscosity  (Ford  #4)  and  pot  life  were  quantified. 
Accelerated  storage  conditioning  for  30  days  at  MOT  (60“C),  produced  gelfoig  of  the  entire  pigmented 
paint  component  (part  A)  for  both  WRCARC  (34094)  and  V^CARC  (36251),  but,  following  mechanical 
shaking,  a  free  flowing  consistency  resulted.  Four  cycles  of  freeze-thaw  storage  stability  conditioning 
produced  some  soft  settling  (moderate  amount  for  green  and  slight  amount  for  gray),  but,  again,  reverted  to 
uniform,  defect-free  condition  after  shaking.  A  single  cycle  consisted  of  16  hours  at  10"F,  followed  by  8 
hours  at  72“F.  There  were  no  defects  observed  during  either  test  for  the  non-pigmented  components  (part  B) 


N8 


Low  Volatile  Otganic  Compound  (VOC)  CLeimcal  A^ent  Resistant  Coatii^  (CARC) 


for  either  green  or  gray.  As  shown  by  the  viscosity  data  in  Table  4,  and  depicted  in  Figure  7,  freeze-thaw 
storage  has  very  little  effect  on  viscosity/pot  life  for  WRCARC  (34094),  whereas  accelerated  storage  has  a 
moderate  effect  at  1  hour  and  a  more  prominent  effect  (~2X  increase)  on  viscosity  at  about  2  hours.  Figure 
7  shows  that,  although  freeze-thaw  storage  has  a  more  adverse  effect  on  viscosity  than  accelerated  storage 
for  WRCARC  (36251),  both  coatings  display  a  gradual  increase  in  viscosity  (which  does  not  appear  to  be  a 
problem). 

Application  Properties 

In  general,  application  of  WRCARC  (34094)  produced  a  uniform  appearance  and  consistent  film 
depoation  when  appli^  with  both  conventional  and  HVLP  spray  equipment — ^using  0.070"  and  0.055" 
fluid  nozzles,  and  both  45  and  60-psi  gun  inlet  pressure.  No  spray  atomization  (i.e.,  flow  out  of  gun)  or 
film  formation/leveling  problems  were  encountered  with  horizontally  oriented  test  parts  with  final  DFT  up 
to  4.3  mils.  The  WRCARC  possessed  superior  spraying/atomizing  and  leveling  characteristics,  compared 
to  MIL-C-46168  and  MIL-C-29475.  However,  significant  film  problems  were  encountered  with  vertically 
aligned  parts  once  certain  maximum  film  thicknesses  were  surpassed  (see  Table  5).  On  bare,  unprimed 
1010  CRS,  the  topcoat  resisted  sagging  up  to  about  1.59  mils  DFT  (5  mils  wet).  However,  at  2  and  3 
deposition  passes,  the  coating  may  have  sloughed  sli^tly  without  applicator  detection,  since  the  DFT 
standard  deviation  is  relatively  high  (0.20,  0.34),  despite  the  fact  that  no  sagging  was  noticed  during 
drying  or  after  cure.  Surprisingly,  the  cured  film  at  4  and  5  passes  produced  no  defects  other  than  the  high 
DFT  standard  deviation.  Nonetheless,  gross  sagging  which  was  evident  during  the  drying  process  and  also 
in  the  cured  film  occurred  at  6  deposition  passes  (1 1  mils  wet).  After  applying  MIL-P- 53022  primer  (at  0.9 
mils  DFT)  to  1010  CRS  substrate  and  allowing  it  to  dry  for  4  hours,  no  sagging  of  the  WRCARC  was 
observed  at  a  single  coating  deposition  pass  (0.77  DFT)  As  shown  in  Table  5,  an  additional  coating 
deposition  pass  produced  sag^g  during  drying,  although  no  defects  were  noticed  in  the  cured  film.  At  3 
passes,  gross  sagging  occurred  and  remained  in  the  cured  film.  Spraying  at  60  psi  tended  to  produce  a 
larger  degree  of  sagging  than  spraying  at  45  psi,  but  this  was  probably  due  to  the  greater  material 
deposition  at  the  higher  air  pressure.  Quicker  movement  of  the  spray  gun  should  negate  this  effect. 

The  effect  of  mixing  procedure  and  induction  time  on  the  WRCARC  (34094)  was  also 
investigated  (see  Table  6).  Mixing  this  water-dispersible  material  using  the  most  efficient 
method — coinbining  2  parts  A,  1  part  B,  and  1  part  water,  then  mbdng — ^has  an  adverse  affect  on  the 
application  properties  (particularly  appearance  and,  possibly  abrasion  resistance),  compared  to  the  properties 
resulting  from  the  recommended  m^od — adding  the  water  and  mbdng  after  parts  A  and  B  have  already 
been  combined  and  mixed.  The  color  difference,  which  is  noticeable  to  the  unaided  eye  as  confirmed  by  the 
AE  data  of  1.66  and  1.4,  indicates  that  pigment  instability  is  increased  by  the  efficient  mk  method.  The 
gloss,  however,  is  not  detrimentally  affected  by  the  efficient  mix  procedure.  When  the  surfaces  of  these 
coatings  were  wewed  under  a  7x  microscope,  the  increased  porosity  resulting  from  the  efficient  mix  was 
clearly  evident.  Induction  time  was  also  investigated — ^induction  times  as  short  as  2  hours  appear  to  affect 
the  abrasion  resistance  of  WRCARC  (34094).  Gloss  and  color,  however,  were  not  appredably  affected  by 
induction  time.  Induction  time  is  also  investigated  in  the  Design  of  Experiment  Section. 

Film  Properties 

Tables  7-8  show  film  properties  that  consist  of  post-application  and  cured-paint  test  data.  The 
film  properties  in  general  were  used  to  establish  and/or  confirm  the  baseline  properties  of  the  cross-linked 
paint. 


Typical  sag-resistance  draw-down  charts  are  shown  in  Figures  9  and  10.  The  sag  resistance  data 
quantified  by  the  horizontal  anti-sag  index  (HASI),  which  correlates  to  wet  film  thickness,  is  displayed  in 
Table  7.  By  using  the  volume-percent  solids  of  the  admixed  coating  (calculated  from  the  manufricturer’s 
technical  data  sheets)  and  the  HASI,  an  approximate,  single-application,  sag-resistant  dry-film-thickness 
can  be  calculated.  This  data  clearly  indicates  that,  on  a  vertical  surface,  the  2.0  mil  dry  film  thickness  that 
is  normally  reqmred  for  these  topcoats,  cannot  be  achieved  in  a  single  application  of  WRCARC  without 
incurring  sag  related  defects.  Thus,  application  via  multiple  coats  with  fesh  times  between  coats  would 
seem  prudent  if  prevention  of  sag  were  desired  for  the  current  admixed  formulation  of  WRCARC.  Gross 
sagging  occurred  at  significantly  lower  film  thicknesses  than  in  the  films  applied  to  both  the  bare  and 
primed  steel  substrates,  as  discussed  in  the  previous  Application  Properties  section.  To  potentially  increase 
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sag  resistance,  removal  of  a  portion  of  the  water  to  increase  viscosity  is  a  relatively  simple  option  that  may 
have  low  impact  on  film  performance  but  may  not  produce  a  concentration  that  is  user  fiiendly.  Also, 
initial  viscosity  and  pot  life  may  be  negatively  impacted  by  water-content  reduction.  Reformulation  of  the 
rheological  additive  system  of  the  WRCARC  to  improve  sag  resistance  is  another  alternative  but  would 
incur  additional  performance  testing,  since  the  composition  of  the  coating  would  certainly  change. 

Due  to  their  more  prominent  shear-thinning  behavior  (viscosity  decreases  with  increasing  shear 
stain  rate)  compared  to  the  WRCARC,  MIL-C-46168  (34094)  and  MIL-C-29475  (34094)  give  the  user  a 
higher  wet  film  ceiling  to  generate  the  desired  2  mils  DFT.  MIL-C-46168  (36251)  has  a  surprisingly  low 
HASI  compared  to  the  MIL-C-46168  (34094)  material.  This  could  be  because  the  36251  gray  color  is  not  a 
standard  color  for  this  specification  an«l,  therrfore,  the  manufacturing  process  has  not  been  optimized  for 
this  specific  color. 

The  diying-time  data  (see  Table  7)  for  WRCARC  (34094)  satisfies  the  set-to-touch  but  fails  the 
dry-hard  and  dry-through  requirements  of  MIL-C-46168.  This  should  not  be  a  problem  since  the  dry-hard 
time  is  only  about  1.5  hours  greater  than  that  of 46168,  which  can  be  simply  accommodated  for  at  field 
maintenance  fecilities  by  a  slightly  decreased  production  rate.  Also,  WRCARC  (34094)  conforms  to  the 
set-to-touch  and  dry-hard  requirements  of  MIL-C-85285,  which  are  widely  used  by  the  Air  Force  for 
exterior  topcoat  applications. 

The  CEE  LAB  color-coordinate  values  for  the  various  coatings  and  colors  are  listed  in  Table  7. 
Generally,  a  AE  of  at  least  1.0  indicates  that  a  person  with  normal,  unaided  vision  can  perceive  or  detect  a 
color  difference  between  two  colors.  It  seems  reasonable  that  the  green  control-coatings  have  lower  AE 
values  than  the  WRCARC  (34094),  since  these  are  standard  production  level  colors/coatings  for  these 
specifications.  Also,  color  conformance  is  not  as  tightly  controlled  for  Army  and  Marine  Corps  land  assets, 
since  the  applicable  specifications  allow  for  significant  deviation  fi'om  the  centroid  of  the  color  ellipse. 
However,  if  required,  the  paint  manufectuier  could  attain  a  closer  color  match  when  the  full  production  nm 
is  produced.  An  excellent  color  match  to  the  standard  was  obtained  with  the  WRCARC  (36251).  Military 
aerospace  (Air  Force  and  Naval  Air)  specifications  require  a  AE  of  no  greater  than  1 . 0,  which  this  value 
obviously  achieves. 

20"  gloss  data  is  widely  used  in  the  automotive  industry  to  characterize  high  gloss  systems.  Gloss 
at  85”  sheen  angle  is  typically  used  by  the  military  sector  for  matte  systems.  Measurements  at  60”  are  more 
universally  applicable  in  that  it  is  widely  accepted  across  the  various  industries  and  for  high-,  semi-,  and 
low-gloss  coatings.  The  gloss  data  in  Table  7  is  provided  for  20,  60,  and  85  degrees,  although  applicable 
military  specifications  only  require  data  at  60  and  85  degrees.  In  general,  WRCARC  exhibits  excellent 
gloss  control  compared  to  MIL-C-46168  and  MIL-C-29475’  this  is  not  entirely  expected,  since  the 
topography  is  extremely  smooth  fi’om  a  macroscopic  perspective.  Note  that,  based  on  a  simple  tactile 
ev^uation  of  the  cured  film,  MIL-C-46168  and  MlL-C-29475  both  were  found  to  be  considerably  rougher 
and  less  mar  resistant  than  WRCARC.  Specifically,  all  of  the  green  (34094)  coatings  conform  to  the  gloss 
requirements  (1,0  and  3.5  at  60"and  85”,  respectively)  of  MIL-C-46168,  The  gray  (36251)  coatings 
exhibited  gloss  values  slightly  greater  than  the  60”  requirement  of  1.0.  This  is  a  minor  deficiency  that 
should  be  easily  corrected  during  the  full-scale  production  process.  Nevertheless,  this  property  should  be 
monitored  to  ensure  quality  conformance. 

A  holiday  test  was  conducted  on  the  WRCARC  (34094)  and  two  control-coatings  at  varying  dry- 
film  thicknesses  (fi’om  1-3  mils)  on  test  specimens  with  unprimed,  metallic  substrates.  In  general 
(assuming  a  constant  volume  of  resin),  a  cured  film  fi’om  a  particle  coalescing  resin  system  is  thought  to 
contain  more  porosity  than  a  cured  film  fi'om  a  solution  resin  system®.  Also,  isocyanates  will  react  'with 
water  and  eventually  produce  carbon  dioxide.  This  ultimately  can  produce  microvoids,  and,  under  certain 
conditions,  even  macro-deferts,  such  as  visible  blisters  and  craters.  Thus,  the  WRCARC  and  MIL-C- 
29475,  both  containing  coalescing  polyurethane  polyol  dispersion  and  water-dispersible  aliphatic 
polyisocyanate)  particle  dispersion  resin  systems”*  and  containing  significant  amounts  of  water,  would  be 
expected  to  be  more  porous  than  MIL-C-46168.  This,  however,  was  not  the  case.  All  three  coatings 
produced  the  similar  levels  of  holidays.  As  indicated  in  Table  7,  the  entire  surface  tested  positive  for 
holidays  for  WRCARC  as  well  as  the  control  coatings  at  the  various  DFT’s.  This  level  of  equality  in 
porosity  may  be  due  to  the  level  of  sensitivity  of  the  holiday  meter  and  the  relatively  high  pigment  volume 
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coEcentration  in  each  of  these  extremely  low-gloss  coatings.  From  a  pragmatic  perspective,  a  primer  would 
be  applied,  significantly  minimizing  the  degree  of  electrolytic  conduction. 

The  tensile-adheaon  data  ranges  from  467  to  709  psi  for  the  various  coating/substrate 
combinations,  as  listed  in  Table  8.  The  diy-tape  (room  temperature)  adhesion  produced  no  failures  or 
differences  between  the  various  systems.  The  wet-tape  (immersion)  adhesion  tests,  conducted  under 
elevated  temperatures  and  increased  exposure  time,  tended  to  produce  failures.  This  is  not  surprising  since 
water  has  been  shown  to  have  a  significant  effect  on  reducing  adhesion  of  paint  films  and  contributing  to 
cathodic  (hsbondment.®  The  WRCARC  (34094)  clearly  performed  best  over  the  standard  primer  (MIL-P- 
53022),  pretreatment  (TT-C-490),  and  substrate  (1010  CRS).  The  tape-adhesion  frdlures  on  Al,  resulting 
after  four-  and  seven-day  immersion  periods,  were  surprisingly  poor.  This  poor  performance  could  have 
resulted  from  the  substrate-scribing  procedure  used  by  NSWCCD,  which  was  more  stringent  than  those 
outlined  in  MIL-P-53022  and  FED-STD-141,  method  6301.  Nonetheless,  this  effect  will  be  investigated 
further  later  in  this  effort.  The  water-immersion  resistance  at  the  various  durations  and  temperatures 
produced  expected  failures  where  the  pretreatment  was  omitted. 

The  flexibility  data  in  Table  8  shows  that  the  WRCARC  has  good  flexibility  properties.  The 
unprimed  topcoat  conformed  to  the  flexibility  requirements  of  MIL-C-46168  (i.e.,  0.25"  mandrel  at  RT) 
and  to  the  low  temperature  flexibility  requirements  of  MlL-C-85285  (2"  manrhnl  at  -60"F).  It  failed, 
however,  in  the  GE  Impact  flexibility  test,  which  has  a  40%  requirement  per  MIL-C-85285.  This  GE 
impact  flex  deficiency  may  not  be  a  significant  problem  since  the  typical  flexibility  for  primers  used  with 
MIL-C-85285  type  topcoats  also  have  flexibility  performance  in  that  same  5  -  10%  range.*®'  **  The  primed 
topcoat  data  was  tested  ftrr  characterization  purposes  since  it  is  not  required  in  MIL-C-46168  and  MIL-C- 
85285. 


Table  9  presents  Taber  abraaon  data  for  WRCARC  (34094).  After  500,  1000,  and  1500  cycles, 
cumulative  weight  losses  of  15mg,  34mg,  and  41mg  are  observed,  respectively.  An  overall  thickness  loss 
of  0.67  mils  (using  the  harshest  wheel  and  weight  allowed  by  AS'TM  D  4060)  results  after  1 500  cycles. 
Note  that  the  recorded  increase  in  wei^t  up  to  about  300  cycles  was  attributed  to  the  imbedding  of  fine 
rubber  particles  on  the  surface.  KBrst  and  Hegedus  found  that  for  typical  polyurethane-based  military 
aircraft  coatings,  wear  properties  via  Taber  abrasion  were,  in  general,  directiy  related  to  the  degree  of  ^oss 
of  the  coatings.  Using  the  CS-17  wheel  and  1000  g  wei^t,  they  found  that  at  1000  revolutions,  the 
weight  loss  for  camouflage  and  gloss  paiirts  were  about  90  and  45  mg,  respectively.  Thus,  WRCARC 
(34094)  is  a  very  abrasion  resistant  coating,  particularly  for  a  low-gloss  coating,  compared  to  "typical" 
polyurethane,  ntilitary,  aircraft-coatings,  A  higher-gloss  version  of  the  WRCARC  would  be  expected  to 
increase  the  current  level  of  wear  resistance  and  flexibility. 

To  gain  more  significant  wear  data  in  an  efficient  time  span  such  that  minor  changes  in 
application  processes  could  be  characterized,  the  authors  felt  it  necessary  to  modify  the  ASTM  method. 
Instead  of  using  the  resilient  (rubber  and  abrasive  grm)  wheels,  a  much  more  rigid  and  coarser  H-10 
(vitrified)  wheel  with  a  500  g  wdght  was  chosen.  Table  8  shows  that  WRCARC  (34094)  lost 
approximately  96  mg  or  1.3  mils  after  750  cycles  or  revolutions  at  the  harsher  conditions. 

For  CARC  topcoats,  recoatability  is  particularly  important  when  multiple-color  camouflage 
patterns  are  being  applied  to  military  equipment.  Since  tile  duration  of  dtying/curing  between  one  coat  and 
a  subsequent  coat  can  affect  film  performance,  an  allowable  window  of  operation  must  be  evaluated  and 
established.  As  shown  in  Table  10,  film  defects  were  not  observed  in  the  WRCARC  nor  in  the  control 
topcoat — ^r^ardleffi  of  topcoat  color,  primer  (MIL-P-53022)  presence,  and  recoat  interval.  The  quantitative 
recoatability  data  wa  tensile  adhesion,  although  ranging  from  446  to  2009  psi,  indicates  that  the  recoat 
duration  does  not  significantly  affect  performance  between  2  hr  and  168  hr,  inclusively.  This  is  more  easily 
seen  when  the  data  are  grouped  together  by  recoat  durations  and  averaged  (i.e.,  1155, 1064, 1197,  1216 
psi). 


The  tensile  adhesion  data  in  Table  1 1  clearly  shows  that  good  adhesion,  and  thus  good 
compatibility,  exists  between  the  9  distinct  primers  and  each  of  the  topcoats,  and  an  obvious  increase  in 
adhesion  is  realized  with  increased  paint  cure  duration.  When  averaged  by  cure  duration,  tensile  values  of 
1909  psi  and  2650  psi  are  realized  at  3  and  7  days,  respectively.  This  same  data  averaged  by  coating  type 
results  in  essentially  equal  inter-coating  performance  at  7  days  (2738  psi  for  MIL-C-46168  vs.  2836  psi  for 
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WRCARC).  Color  appears  to  have  a  negligible  influence  at  a  7-day  cure  when  the  MIL-P-53022  primer  is 
used — ^2853  psi  for  color  34094  vs.  2710  psi  for  color  36251. 

Rheometer 

NSWCCD  perfonned  steady  stress  sweeps  to  generate  viscosity  flow  curves  for  the  WRCARC 
(green  and  gray),  and  the  46168  (green  and  gray).  Th®e  tests  provided  viscosity  profiles  that  resulted  in 
very  use&l  data,  which  is  confirmed  by  other  I^xjratoiy  procedures.  All  curves  presented  have  been 
smoothed  using  the  Fast  Fourier  Transform  (FFT)  method’. 

Steady  stress  sweep  results  are  shown  graphically  in  Figure  11;  this  plot  is  the  analog  of  Figure  4, 
which  is  discussed  in  the  experimental  section.  Viscosity  is  plotted  as  a  fimction  of  increasing  shear  strain 
rate  for  each  of  the  four  coatings  being  examined.  Temperature  was  held  constant  at  25“C.  AH  coatings 
exhibit  shear  thinning — ^that  is,  viscosity  decreases  with  increasing  strain  rate.  Based  on  the  same  rationale 
used  to  explain  Figure  4,  the  following  predictions  can  be  made.  The  sprayability  of  the  WRCARC  (green 
and  gray)  should  be  superior  to  the  46168  coating  (green  and  gray).  This  is  based  on  the  observation  that  at 
high  shear  rates  (greater  than  lO’ s'^),  lower  viscosity  coatings  are  easier  to  spray  (and  also  to  brush  or  roll 
on).  As  seen  fi'om  the  figure,  WRCARC  has  lower  viscosities  at  high  strain  rates  than  does  the  46168 
coatings;  this  prediction  is  borne  out  in  actual  laboratory  spray  applications  of  the  coatings. 

Predictions  concerning  sagging  and  leveling  of  the  coatings  can  also  be  drawn  from  Figure  1 1 .  At 
low  strain  rates  (up  to  around  1  s'*),  consistent  with  post-application  coatings,  the  viscosity  of 46168  is 
higher  than  WRCARC.  Again,  as  previously  discussed  in  the  experimental  section,  at  low  shear  rates, 
higher  viscosities  tend  to  imply  good  sag  resistance,  but  poor  leveling  properties.  So,  it  is  predicted  that 
the  46168  would  have  better  sag-resistance  than  WRCARC.  Conversely,  the  WRCARC  should  have  the 
best  leveling  properties.  This,  too,  is  observed  in  traditional  laboratory  testing. 

Design  Of  Experiment 

Overview 

The  following  should  be  noted  prior  to  the  discussion  of  the  results: 

•  The  independent  variable  “Storage  Duration”  is  evaluated  at  two  levels — 7  days  and  28  days.  This 
requirement  essentially  split  the  DOE  into  two  test  phases:  the  first  phase  conasting  of  panel  sets 
derived  from  paint  stored  for  seven  days  and  the  second  phase  consisting  of  panel  sets  derived  from 
paint  stored  for  28  days.  The  paint  used  for  the  two  phases  was  actually  produced  in  two  separate 
batches.  Paint  from  the  initial  batch  was  used  to  prepare  and  conduct  the  testing  for  the  panel  sets 
subjected  to  storage  for  7  days.  The  paint  from  this  batch  exceeded  its  shelf  life  prior  to  preparing  and 
conducting  the  tests  for  panels  subjected  to  28  days  storage.  Thus  a  new  batch  was  used  for  the 
second  phase  of  testing.  This  situation  essentially  creates  an  aliasing  situation  between  the  “storage 
duration”  variable  and  a  variable  not  included  in  the  design  -  batch  (#I  or  #2).  Further  discussion 
about  this  situation  will  be  addressed  in  the  independent  variable  analysis  section. 

•  All  sixteen  experiments  (panel  sets)  were  prepared  to  achieve  a  dry  film  topcoat  thickness  of  either  2  or 
4  mils  DFT.  Table  12  shows  the  actual  thickness  applied  to  each  panel  set.  The  reported  values  are  an 
average  of  nine  individual  readings  taken  within  each  panel  set,  and  are  representative  of  the  topcoat 
film  thickness  for  the  entire  panel  set,  during  DOE  cdculations.  The  results  show  that  the  desired 
topcoat  film  thickness  deriated  from  the  desired  thickness  in  some  panel  sets.  This  deviation  can  be, 
and  was,  accounted  for  during  the  DOE  calculations. 

Table  13  provides  a  summary  of  all  of  the  test  results  obtained  from  the  DOE.  Distribution  of 
data  and  DOE  analyses  were  performed  for  each  of  the  performance  variables. 

The  distribution  data  consists  of  the  following: 
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•  Hstogram  -  Each  bar  shows  the  frequency  of  occurrence  of  the  value  or  range  of  values  represented  on 
the  axis.  If  the  variable  is  continuous,  the  axis  is  broken  into  intervals.  If  the  variable  is  nominal,  each 
discrete  value  is  represented  by  a  bar. 

•  Quantile  Box  Plot  -  The  quantile  box  plot  shows  selected  quantiles  on  the  response  axis.  The  box 
shows  the  median  as  a  line  across  the  middle  and  the  quartiles  (25th  and  75th  percentiles)  as  its  ends. 
The  means  diamond  identifies  the  mean  of  the  sample  and  the  95%  confidence  interval  about  the 
mean. 

•  Outlier  Box  Plot  -  The  Outlier  Box  Plot  is  a  schematic  that  lets  you  see  the  sample  distribution  and 
identify  points  with  extreme  values,  or  outliers.  The  ends  of  the  box  are  the  25th  and  75th  quantiles, 
also  called  the  quartiles.  The  difference  between  the  quartiles  is  the  interquartile  range.  The  line  across 
the  middle  identifies  the  median  sample  value.  The  bracket  along  the  edge  of  the  box  identifies  the 
shortest  halfi  which  is  the  most  dense  50%  of  the  observations. 

•  Quantiles  Report  -  Quantiles  are  values  that  di\ide  a  distribution  into  two  groups  where  the  Pth 
quantile  is  larger  than  P%  of  the  valu^.  For  example,  half  the  data  are  below  and  half  the  data  are 
^ove  or  equal  to  the  50th  quantile,  also  called  the  median. 

•  Moments  Report  -  Moments  report  displays  the  mean,  standard  deviation,  and  other  summary 
statistics. 

The  DOE  analysis  is  a  Screeiring  fit  analysis  utiludng  a  Least  Squares  Analysis  to  generate 
Pre^ction  Profile  graphs  for  all  of  the  independent  variables  studied.  The  prediction  profile  shows  the 
effect  of  a  particular  independent  variable  {■mthin  the  levels  tested)  on  the  dependent  variable  being  studied. 
A  flat  line  is  indicative  of  a  null  effect  while  a  sloped  line  indicates  significance.  The  steeper  the  slope  the 
greater  the  effect  of  that  variable  on  the  dependent  variable.  The  profile  also  provides  valuable  information 
regarefing  the  “ffrection”  of  the  effect  (increase  or  decrease  in  the  magnitude  of  the  performance  variable) 

The  independent  variables  are  further  studied  using  an  Effect  Screening.  In  experimentation,  it  is  often  the 
effect  size  rather  than  the  statistical  significance  that  is  of  interest.  In  many  cases  there  are  no  (or  very  few) 
degrees  of  freedom  left  after  model  fitting  to  estimate  an  error  variance.  One  common  approach  is  to 
assume  that  many  of  the  effects  are  zero  and  that  their  estimates  reflect  random  noise.  Then  make  inferences 
based  on  the  distribution  of  effect  rizes  (parameters). 

A  Normal  plot  is  calculated.  A  Normal  plot  shows  the  normalized  parametCT  estimates  (coefficients  of 
variables  in  a  linear  function)  against  the  normal  quantile  score.  Many  inactive  effects  tend  to  be  near  the 
middle  and  to  establish  the  line  of  the  standard  error.  The  effects  that  deviate  from  the  line  are  active.  This 
is  a  quick  way  to  identify  active  variahles. 

Finally,  a  Pareto  Plot  is  developed.  The  bars  of  this  plot  represent  the  percentage  of  the  absolute  values  of 
the  scded  estimates  relative  to  the  sum  of  the  absolute  values.  In  other  words,  it  shows  how  much 
influence  a  particular  variable  has  relative  to  the  other  independent  variables  considered.  A  cumulative  line 
shows  the  ^vance  to  100%  of  the  sum  of  absolute  values.  This  plot  is  the  basis  for  making  conclusions 
about  the  significance  of  any  independent  variable  on  the  dependent  variables.  This  percentage  of 
influence  will  herein  be  referred  to  as  the  variable  influence  contribution  (VIC).  Note  that  this  does  not 
provide  a  parametric  estimate  (coefficient  of  the  variables  in  a  linear  function),  rather  a  magnitude  of  the 
influence  it  has  relative  to  the  other  variables  considered.  It  is  possible  that  another  independent  variable, 
not  included  in  the  test,  may  have  greater  significance.  Nor  does  this  percentage  describe  the  direction  of 
influence  (increases  or  decreases  the  magnitude  of  the  performance  variable).  That  is  obtained  from  the 
Prediction  Profile. 

The  magnitude  of  a  VIC  that  is  considered  significant  is  arbitrarily  determined  by  the  experimenters.  A 
magnitude  of  SYo  or  greater  was  chosen  as  significant  in  this  study. 

The  following  should  be  considered  prior  to  discussion  of  the  individual  performance  properties; 

•  It  is  expected  that  the  “paint  type”  variable  would  be  significant  for  mechanical  properties.  This  is  the 
result  of  incorporating  novel  pigment  technology  into  the  film  to  improve  the  mechanical  performance 
of  the  coating.  Differences  in  resin  type  of  the  coatings  will  also  contribute  to  this  effect. 

•  It  is  expected  that  the  “paint  type”  should  not  significantly  effect  the  optical  properties  (color  and 
gloss)  as  there  are  specific  requirements  for  survivability  requirements,  regardless  of  the  paint  used. 
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•  It  is  expected  that  color  may  have  significant  effects,  as  it  is  actually  the  result  of  the  pigment 

technology  utilized.  Pigment  technology  has  proven  to  be  significant  in  a  variety  of  mechanical  and 
surface  properties  of  cured  paint  films. 

DOEAdhe^on  Test  Results 

Test  results  for  the  adhesion  of  the  topcoat  are  provided  in  Table  13,  These  include  tensile 
adhesion  with  and  without  primer,  diy  tape  adhesion,  and  wet  tape  adhesion  at  various  immersion  and 
temperature  intervals.  Each  reported  value  is  an  average  of  6  puUs  done  on  each  panel  set.  Figures  12 
through  17  show  the  distribution  of  data  and  DOE  analyses  for  the  six  dififerent  adhesion  tests. 

Figure  18  shows  that  Paint  type,  color,  and  storage  duration  have  the  greatest  influence  on 
adhesion.  DFT,  induction  time,  and  cure  properties  have  lesser  but  equal  significance.  Storage 
temperature,  mix  time,  equipment,  and  flash  time  have  very  little  significance. 

Pain  type  and  color  are  expected  to  have  significant  influence.  Pigment  technology  is  known  to 
effect  internal  stress,  mechanical  properties  and  the  surfece  of  films.  All  of  these  will  effect  adhesion.  The 
large  influence  of  storage  duration  is  not  expected.  It  is  possible  that  the  effect  is  actually  an  effect 
attributed  to  a  difference  in  paint  batches  and  not  storage  duration.  Under  this  design,  it  is  not  possible  to 
distinguish  between  the  two. 

The  moderate  influence  of  cure  properties  and  DFT  is  also  expected.  Degree  of  crosslinking,  and 
the  effect  of  moisture  and  temperature  on  cure  all  significantly  effect  adhesion.  DFT  influences  the  level  of 
volatile  entrapment,  internal  stress,  and  degree  of  cure. 

It  is  desirable  that  the  variables  directly  associated  with  application  -  storage  temperature,  mix 
time,  equipment  and  flash  time  were  insignificant. 

DOE  Fluid  Resistance  Test  Results 

Test  results  for  the  fluid  reastance,  of  the  topcoat,  are  provided  in  Table  13.  Tests  include  23699 
oil  resistance,  MEK  resistance  and  water  resistance  at  various  immersion  and  temperature  intervals.  Because 
the  responses  are  nominal,  rather  “pass”  or  “fail”,  and  not  continuous,  a  least  squares  fit  is  not  possible.  A 
more  appropriate  analysis  is  to  develop  a  probability  distribution.  Figure  19  shows  the  probability 
distribution  analyses  for  these  tests. 

Virtually  all  panel  sets  passed  water  resistance  (under  each  duration  and  temperature),  23699  oil 
resistance,  and  MEK  resistance  tests.  The  exception  to  performance  was  panel  set  #7,  which  failed  all  tests. 
The  cause  of  failure  is  not  apparent. 

The  MEK  resistance  results  were  exceptionally  good;  while  the  test  only  requires  25  double  rubs 
for  a  “pass”,  no  panel  sets  failed  after  100  double  rubs  (with  the  exception  of  panel  set  #7).  It  can  be 
concluded  that  none  of  the  independent  variables  considered  have  any  significant  effect  on  the  fluid 
resistance  performance. 

DOE  Reverse  Gardner  and  GE  Impact  Test  Results 

Test  results  for  the  impact  tests  are  provided  in  Table  13. 

Reverse  Gardner  impact  resistance  and  GE  impact  flexibility  were  each  characterized  on  unprimed  substrates 
in  order  to  isolate  the  effect  on  the  topcoat.  The  effect  of  the  independent  variables  on  the  topcoat  with 
primed  substrates  was  performed  to  gauge  the  overall  system  performance.  Figures  20  through  23  show  the 
distribution  of  data  and  DOE  analyses  for  these  tests. 

Figure  24  shows  that  cure  humidity  and  color  have  the  greatest  influence  on  impact  resistance. 
Flash  time  and  cure  duration  have  fairly  significant  influences.  Paint  type,  equipment,  induction  time, 
DFT,  and  cure  temperature  have  smaller  but  moderate  influences.  Storage  variables  have  very  little 
influence. 
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It  is  expected  that  cure  variables  and  color  would  have  significant  influence.  Cure  variables 
directly  effect  the  level  and  type  of  crosslinking  in  the  film,  and  thus  the  flexibility.  Color  is  a  property 
directly  associated  with  the  pigments,  fillers,  and  extenders  within  the  film.  These  additives  are  very 
influential  in  dictating  mechanical  properties  of  the  film.  The  significance  of  flash  time  is  not  easily 
explained.  It  is  possible  that  increased  volatiles  in  the  film  (generally  associated  with  a  shorter  flash  time) 
will  plasticize  the  film  and  thus  provide  increased  flexibility.  The  prediction  profiles  of  these  tests  indicate 
such  a  trend;  as  you  decrease  the  flash  time  the  impact  resistance  increases. 

Variable  directly  associated  with  application  -  paint  type,  equipment,  induction  time,  and  DFT 
appear  to  have  a  moderate  effect  and  should  be  closely  monitored  if  flexibility  is  of  great  importance  (as  for 
airoafl;). 

DOE  Taber  Abrasion  Test  Results 

Test  results  for  the  abrasion  tests  are  provided  in  Table  13 .  Both  weight  loss  and  volume  (mils) 
loss  were  measured.  Figures  25  and  26  show  the  distribution  of  data  and  DOE  analyses  for  these  tests. 

An  HIO  wheel  and  500  gram  load  were  utilized  for  these  tests.  All  reported  values  are  an  average 
of  4  samples  Avithin  each  panel  set. 

Figure  27  shows  that  abrasion  was  significantly  effected  by  the  paint  type,  color,  and  DFT.  Cure 
temperature  and  cure  humidity  were  slightly  less  significant.  All  other  variables  were  insignificant. 

The  paint  type  and  color  were  expected  to  be  significant  for  the  reasons  cited  above.  DFT  is 
directly  relat^  to  the  internal  stresses  of  a  fihn,  which  will  effect  the  resistance  to  abrasion.  Cure  variables 
effect  the  degree  of  crosdinking,  thus  they  will  have  an  effect  on  mechanical  properties  of  the  film.  It  is 
interesting  to  note  that  cure  duration  was  not  significant.  The  reason  for  this  is  not  known. 

The  absence  of  influence  firom  the  other  variables  is  very  desirable. 

DOE  Optical  Properties  on  Al  Test  Results 

Test  results  for  the  optical  properties  of  the  topcoat  are  provided  in  Table  13.  Figures  28  through 
33  show  the  distribution  of  data  and  DOE  analyses  for  these  tests. 

The  CIELAB  color  scale,  Des  illuminant,  and  10"  standard  observer  were  used  to  quantify  the 
color  of  the  various  coatings.  The  gloss  of  the  coatings  in  these  experiments  was  tested  using  the 
standardized  incident  angles  of  20°,  60°,  and  85°. 

Figure  34  shows  that  the  overwhelming  influence  on  the  color  of  the  films  was  color.  It  is  an 
obwous  result.  The  real  significance  is  the  absence  of  influence  fi'om  the  other  variables.  This  is  very 
desirable. 

Figure  35  shows  gloss  was  tignificantly  effected  by  color  and  moderately  affected  by  all  of  the 
other  variables,  with  the  exception  of  flash  time  and  cure  duration.  The  reason  for  these  influences  may  be 
explained  for  certain  variables.  The  paint  type  influence  may  be  the  result  of  a  ifference  in  the  resin 
system.  Cure  mechanisms  and  solvent  type  may  contribute  to  the  cure  property  influences.  The 
remaining  variables,  more  directly  associated  with  application,  cannot  be  immediately  explained.  Controls 
during  application  should  be  considered  to  achieve  desired  gloss. 


Overall  Independent  Vcniable  Assessment 

Table  14  shows  the  significant  VICs  for  each  of  the  performance  properties.  Figure  36  shows  the 
cumulative  VIC  for  each  independent  variable,  for  all  of  the  performance  tests.  Note  that  the  following 
statements  are  relevant  only  within  the  levels  the  independent  variables  were  tested.  It  is  possible  that 
outside  of  the  levels  tested,  influences  may  occur  that  have  not  been  revealed  in  this  design. 
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•  Paint  Type  -  This  is  very  significant.  As  mentioned  earlier,  it  was  anticipated  that  the  “paint  type” 
variable  would  be  significant  for  mechanical  properties.  This  is  the  result  of  novel  pigment 
technology  in  the  film,  designed  to  improve  the  mechanical  performance  of  the  coating.  Additionally, 
the  resin  technology  of  the  two  coatings  tested  dififer.  This  variable  is  nominal,  either  MIL-C-4616S 
or  WRCARC,  and  is  not  optimized.  The  user  will  choose  one  or  the  other. 

•  Color  -  Color  has  the  greatest  influence  for  the  overall  performance  of  the  paints.  This  was  also 
anticipated.  Color  is  actually  the  result  of  the  pigment  technology  utilized.  Pigment  technology  has 
proven  to  be  significant  in  a  variety  of  mechanical  and  surfece  properties  of  cured  paint  films.  Again, 
this  variable  is  nominal  and  the  user  will  choose  either  one  color  or  the  other. 

•  Storage  Duration  -  Storage  duration  is  feirly  significant.  Again,  caution  should  be  used  when 
assessing  the  accuracy  of  this  finding.  The  “batch”  effect  is  aliased  with  this  variable  and  may  be  the 
cause  of  this  significance.  Until  further  research  is  done  to  distinguish  between  the  two,  the 
manufacturers  stated  shelf  life  is  the  best  metric  for  users. 

•  Storage  Temperature  -  Storage  temperature  has  proven  do  be  feirly  insignificant  within  the  75“F  to 
125"F  temperature  range.  Certainly,  there  will  be  occasions  where  the  storage  temperature  will  be 
below  75"F.  For  water-reducible  materials,  storage  below  40“F  is  not  recommended.  The  upper  limit 
should  be  set  at  120“F. 

•  Mix  Time  -  Mix  time  has  proven  to  be  insignificant  for  the  “shaking”  method  of  mixing.  A 
minimum  of  5  minutes  shaking  has  shown  to  be  effective  for  mixing.  This  says  nothing  about  other 
mixing  methods  (e.g.  mechanical  mixers).  Research,  outside  of  this  effort,  has  shown  that  shaking 
may  not  be  the  optimal  method.  Mechanical  mixing  appears  to  provide  a  more  homogenous  mix. 

This  will  be  considered  during  the  development  of  application  procedures. 

•  Equipment  -  Equipment  type  has  proven  to  be  insi^iificant.  More  specifically  there  is  no  effect  when 
using  conventional  spray  equipment  versus  HYLP  systems.  This  is  a  nominal  variable  and  users  can 
choose  either  one  for  application. 

•  Induction  Time  -  Induction  time  has  proven  to  be  insignificant,  thus  no  induction  time  should  be 
necessary,  assuming  a  proper  mix  is  achieved.  This  is  a  continuous  variable,  and  the  optimal  value  for 
a  production  environment  is  zero  -  no  induction, 

•  Flash  Time  -  Flash  time  has  proven  to  be  insignificant,  with  the  exception  for  impact  resistance.  The 
prediction  profile  data  show  that  increased  flexibility  is  achieved  with  shorter  flash  times,  without  any 
adverse  effects  to  the  other  performance  properties.  Although  this  may  effect  production  processes,  it 
is  in  a  desirable  direction.  The  optimal  flash  time  should  not  be  zero,  since  it  may  result  in  volatiles 
bemg  trapped  in  tiie  film,  eventu^y  leading  to  blistering  or  popping.  Further  testing  is  needed  to 
determine  the  optimal  flash  time.  Currently  a  flash  of  1  horn  is  recommended  until  further  studies  can 
be  done.  Note  this  is  only  relevant  if  a  bake  cycle  is  introduced  into  the  process.  Flash  time  is  not 
relevant  during  ambient  cures. 

•  DFT  -  DFT  has  proven  to  be  moderately  significant  (within  1 .2  -  4.7  mil  range)  to  performance, 
specifically  for  the  mechanical  properties.  It  is  insignificant  for  the  optical  properties.  The  prediction 
profiles  show  that  increasing  the  film  thickness  increases  adhesion  and  impact  resistance,  but  reduces 
the  abrasion  resistance.  Traditionally,  increased  thickness  results  in  lower  adhesion  and  impact 
resistance.  This  trend  may  be  the  result  of  using  polymer  bead  fillers,  but  cannot  be  conclusively 
attributed  to  it.  This  variable  is  a  continuous  variable.  Its  upper  limit  is  bound  by  the  sag  resistance 
of  the  coating,  and  its  lower  limit  bound  by  a  minimum  film  thickness  requirement,  for  durability 
purposes.  Additionally,  production  requirements  dictate  the  use  of  a  range  of  thickness,  since  it  is 
impossible  to  achieve  exact  thickness.  Although  the  optimal  thickness  (trade  off  between 
adhesion/impact  resistance  and  abrasion  resistance)  is  not  known  fi'om  this  study,  it  appears  it  will  be 
similar  in  range  to  currently  used  application  parameters. 

•  Cure  Duration  -  Cure  duration  has  proven  to  be  slightly  significant,  with  the  biggest  influences  on 
adhesion  and  impact  resistance.  This  variable  is  continuous,  but  not  necessarily  controllable. 
Thennoset  coatings  will  continue  to  cure  indefinitely,  regardless  of  the  environment  they  are  in.  The 
significance  in  this  effort  is  that  a  7  day  cure  may  be  necessary  to  achieve  the  desired  performance 
properties.  What  may  be  of  greater  sig^cance  is  the  cure  duration  of  a  bake  cycle.  However,  cure 
duration  is  not  a  spedfied/controUed  parameter  for  ambient  cure.  For  bake  cycles  further  research 
much  be  done  to  optimize  the  duration. 

•  Cure  Temperature  -  Cure  temperature  has  proven  to  be  significant  (within  the  75“F  to  125°F 
temperature  range),  primarily  in  the  mechanical  properties.  Cure  temperature  will  affect  the  ultimate 
glass  transition  of  the  material,  thus  influencing  the  mechanics  of  the  film.  For  ambient  conditions, 
cure  temperature  is  bound  by  the  required  usable  pot  life  of  the  material.  This  will  be  considered  when 
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developing  the  application  procedures.  Cure  temperatures  in  bake  cycles  must  be  studied  in  detail,  as 
coating  chemistry  may  differ  significantly  at  higher  temperatures. 

•  Cure  Humidity  -  Cure  humidity  has  proven  to  be  significant  (within  the  40%  -  80%  relative  humidity 
range),  particularly  for  impact  resistance.  The  WRCARC  is  especially  sensitive  to  humidity,  since 
water  is  both  a  volatile  and  involved  in  the  chemical  reaction  of  the  material.  Altering  the  moisture 
content  of  the  ambient  air  will  influence  the  final  structure  of  the  coating.  Generally  speaking, 
increasing  humidity  tends  to  have  a  negative  impact  on  performance  properties,  as  shown  by  the 
prediction  profiles.  Too  low  a  humidity  may  cause  water  within  the  wet  film  to  volatilize  too  quickly 
and  also  have  an  adverse  effect.  The  optimal  humidity  is  not  known.  Currently,  it  is  advised  to  use 
the  manufacturers’  stated  acceptable  humidity  levels. 

The  results  show  that  the  WRCARC  is  essentially  a  drop-in  substitute  for  the  current  coatings 
being  used.  No  significant  alterations  to  current  production  processes  are  needed  to  achieve  desired  film 
performance.  Significant  cure  studies  (time  temperature,  and  humidity)  may  provide  insight  into 
improving  the  overall  performance  of  the  WRCARC  material.  Flash  time  should  also  be  considered  in 
conjunction  with  the  cure  studies  to  assess  its  influence. 

Application  procedures  will  be  developed  based  on  the  results  of  this  effort  and  provided  as  a 
sqiarate  document. 


SUMMARY/CONCLTJSIONS 

•  The  SERDP  Low  VOC  CARC  clearly  provides  superior  performance  properties  compared  to  the 
control  coatings  (MIL-C-46168  and  NnL-C-29475)  in  terms  of  abrasion/mar  resistance  and  flexibility. 

•  Increased  resistance  to  accelerated  weathering,  as  quantified  by  project  partner  U.S.  Army  Research 
Laboratory,  is  another  significant  improvement  compared  to  the  control  coatings. 

•  Advantages  in  initial  viscosity  and  overall  viscosity/pot  life  stability  are  provided  by  the  WRCARC. 

•  Sag  resistance,  on  the  other  hand,  is  less  than  optimum  in  comparison  to  the  control  coatings.  As 
discussed  earlier,  this  deficiency  can  be  circumvented  by  adjusting  processing  procedures  (i.e., 
including  flash  times  between  coats)  of  the  current  formulation  by  the  applicator,  by  decreasing  the 
water  content  of  the  current  formulation,  or  by  optimizing  the  additives  package  of  the  formulation. 

•  Several  quality  conformance  properties,  although  relatively  minor  such  as  color,  gloss  and  grind, 
should  be  monitored  when  the  formulation  is  produced  at  the  full-scale  production  level. 

•  Based  on  the  laboratory  study,  the  WRCARC  has  been  found  to  be  a  high  performance  topcoat  worthy 
of  incorporation  into  the  military  system.  The  ESTCP  demonstration  phase  of  this  program  is 
expected  to  validate  the  present  data. 
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Stress  is  applied  here  via  a  drag-cup  motor.  This  generates  torque  by 
induction. 


, 

■•lll 

The  optical  encoder  is  located  below  the  drag-cup  motor.  This  is  used 

lol 

- 

to  sense  strain  and  provide  absolute  position. 

2 

t_l_ 


This  low  friction  air  bearing  supports  motor  and  encoder  assembly. 
Residua]  air-bearing  torque  effects  and  inertia  are  detected  and 
corrected  by  the  system’s  computer. 


Sample  material  is  loaded  here.  For  evaluating  the  samples  in  this 
study,  a  double-wall  couette  was  used. 


A  fluid  bath  Is  used  to  control  temperature. 


Figure  3  Rheometric  Scientific'*'*^  SR-2000  stress-controlled  rheometer’ 
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Figure  4  Coating  properties  as  related  to  viscosity  and  shear  rate* 


Figure  5  Double-Wall  Couette  bob  and  cup 
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Viscosity  Changes  over  Time 
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Figure  6  Viscosity  of  coatings  increase  with  time. 
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Storage  Stability  Effects  on  Viscosity 
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Storage  Stability  Effects  on  Viscosity 


Figure  8  Effects  of  storage  conditions  on  WRCARC  (36251) 
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Viscosity  Profile  Overlap 


Figure  11  Viscosity  as  a  function  of  shear  strain  rate. 
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Figure  12  Distribution  of  data  and  DOE  analysis  for  tensile  adhesion  with  primer 
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Figure  13  Distribution  of  data  and  DOE  analysis  for  tensile  adhesion  without  primer 
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Figure  14  Distribution  of  data  and  DOE  analysis  for  Dry  Tape  Adhesion 
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Figure  15  Distribution  of  data  and  DOE  analysis  for  Wet  Tape  Adhesion  (1  day/RT) 
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Figure  16  Distribution  of  data  and  DOE  analysis  for  Wet  Tape  Adhesion  (4  days  @  120®F) 
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Figure  17  Distribution  of  data  and  DOE  analysis  for  Wet  Tape  Adhesion  (7  days  @  150°F) 
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Figure  18  Cumulative  Variable  Influence  Contribution  (VIC)  on  Adhesion 
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Figure  19  Distribution  of  data  and  DOE  analysis  for  Fluid  Resistance 
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Figure  20  Distribution  of  data  and  DOE  analysis  for  Reverse  Gardner  Impact  with  primer 
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Figure  21  Distribution  of  data  and  DOE  analysis  for  Reverse  Gardner  Impact  without  primer 
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Figure  22  Distribution  of  data  and  DOE  analysis  for  GE  Impact  with  primer 
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Figure  23  Distribution  of  data  and  DOE  analysis  for  GE  Impact  without  primer 
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Figure  24  Cumulative  Variable  Influence  Contribution  (VIC)  Impact  Resistance 
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Figure  25  Distribution  of  data  and  DOE  analysis  for  Abrasion  Resistance  Thickness  Loss 
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Figure  26  Distribution  of  data  and  DOE  analysis  for  Abrasion  Resistance  Weight  Loss 


Screening  Fit 


ABR  WL  I 


^tna|y8i^^M/arianc^J 


|Ett«cl  Test  II 


Parameter  Estimates 


Prediction  Profile 


i  '*  tr »  4  4  *7 »  8  i!.»  i5  J  I  ^  •**  '*  * 

Slor  Our  (<Mys)  Stof  Temp  (FJ  Mix  tw*  (min)  Eqwpmvni  irteuctton  llm«  (hr*)  Fl«»A  ttm*  (»m») 


5  '  i  '  S? 


fi 


2  eoi}  8 


•  7  »  R  4  BO  & 

Cur*  Dw  (dayi)  Cut*  T*mp  {F)  Cur*  Hum 


Efec^^creenln^T" 


Rmpoam:  ABRWl 
rh*  ••tlin*l«a  corr*t*l*d  ond  natd  i  traniformattoo. 
Hi*  •BUnalcs  h«v*  (lW*f«nt  v*Kanc«i  and  n**d  scaHng, 
L*nih  PSE 
0.406672 


Trensformed  Parameter 

Estimetea  1 

T*rm 

Original 

OrUiog  Codad  Orihog 

t-Taal 

Prob>lll 

lnl*r«*pl 

0.3279966 

0.1506625 

e.4«49 

0.0075 

Palnt(46l66-WRCARC) 

0.0639542 

0.0901675 

3.672S 

0.030$ 

C«<oK9i«*rt>gr»v] 

0.0573840 

0.0731675 

3.1425 

0.0516 

Stor  Our  (days) 

•0.006S33 

-0.005062 

•0.2174 

0.6419 

8lor  T*mo  (F) 

•0.000626 

-0.0225ff3 

•0.9666 

0.4041 

Mix  dm*  (fflin) 

0.0002234 

•0.003062 

•0.131$ 

0.9037 

Equipfn*n|Con«-HVlP| 

•0.005023 

•0.001937 

'0  0632 

0.9369 

Induction  tim* 

•0.007914 

•0.000312 

•0.0134 

0.9901 

Ftaah  dm*  (hr* 

•0.047441 

0.006312$ 

0.2710 

0.6039 

OPT  (nea) 

0.1007395 

0.0S79973 

2.4903 

0.0665 

Cut*  Our  (d*ya) 

0.0004449 

0.0065933 

0.3690 

0.7366 

Cura  Tamp  (F) 

•0.001667 

•0.036664 

•1  6802 

0.19SS 

Cut*  Hum  {%HH) 

•0.001027 

•0.019223 

•0  6264 

0.4697 

£*ch  OiOtoq  EUmBt*  I*  wr>OI)pwd  oft  ih*  *W*cf  b*tor*  w 


jiorma^PlotJ 


A  i  }  i 


Normal  QuanUI* 

Mu*  Un*  la  L*n»'»  PSC 

)*d  to*  la  RMSE. 


orel^^loP?^Tanmate^^ 


T*rin 

P*lnl|46ie9<WRCARC| 

C«ioi[gi«*n-gr*]r] 

OFT  (mil*) 

Cur*  T«mp  (F) 

Slot  Tamp  (F) 

Cur*  Hum  (%RH) 

Cur*  Out  (day*) 

Plaah  lim*  (hr* 

Stor  Out  (day*) 

WiK  lim*  (min) 
Equipm*n(Cortv-HVLP] 
Induclidn  dm* 


Orihog  Eallmal* 
O.09O167SO 

o.oToterso 

0.0S796727 
•O.038«$43 
•0.0225626 
•0.0102233 
0.00650326 
0.00631250 
•0.0060625 
•0.0030626 
•  0.0019375 
•0.000312$ 


ABR  WL 


"  P 

2.5  7.5  12.5 


I 


k 

iP 


Quantiles  ] 

maximum  100.0% 

0.49900 

99.5% 

0.49900 

97.5% 

0.49900 

90.0% 

0.48570 

quartlie  75.0% 

0.22350 

median  50.0% 

0.07650 

quartile  25.0% 

0,06450 

10.0% 

0.04220 

2.5% 

0.02400 

0.5% 

0.02400 

minimum  0.0% 

0.02400 

Moments  1 

Mean 

0.15056 

Sid  Dev 

0.14969 

Std  Error  Mean 

0.03742 

Upper  95%  Mean 

0.23033 

Lower  95%  Mean 

0.07080 

N 

16.00000 

Sum  Weights 

16.00000 

N40 


Cumulative  VIC 


I-ow  Volatile  Organic  Compound  (VOC)  Chemical  Agent  Resistant  Coating  (CARC) 


Figure  27  Cumulative  Variable  Influence  Contribution  (VIC)  on  Abrasion  Resistance 
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Figure  28  Distribution  of  data  and  DOE  analysis  for  Gloss  20® 
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Figure  29  Distribution  of  data  and  DOE  analysis  for  Gloss  60° 
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Figure  30  Distribution  of  data  and  DOE  analysis  for  Gloss  80° 
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Figure  31  Distribution  of  data  and  DOE  analysis  for  CIE-L 
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Figure  32  Distribution  of  data  and  DOE  analysis  for  ClE-a 
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Figure  33  Distribution  of  data  and  DOE  analysis  for  ClE-b 
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Low  Volatile  Organic  Compound  (VOC)  Chemical  Agent  Resistant  Coating  (CARC) 


Figure  34  Cumulative  Variable  Influence  Contribution  (VIC)  on  Color 
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Cumulative  VIC 


Low  Volatile  Organic  Compound  (VCX)  Chemical  Agent  Resistant  Coating  (CARC) 


Figure  35  Cumulative  Variable  Influence  Contribution  (VIC)  on  Gloss 
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Cumulative  VIC 


Low  Volatile  Oganic  Compound  (VOC)  Chemical  Agent  Resistant  Coating  (CARC) 


Figure  36  Cumulative  Variable  Influence  Contribution  (VIC)  on  Overall  Performance 
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Low  Volatile  Organic  Compound  (VOC)  Chemical  Agent  Resistant  Coating  (CARC) 


Table  1  Independent  Variables  with  Evaluation  Levels  and  Dependent  Variables  for  DOE  Test  Matrix 


Number 

Independent  Variable 

{+)  Level 

(-)  Level 

1 

CARC  Color 

gray  (36251) 

green  (34094) 

2 

Storage  Duration  (days) 

28 

7 

3 

Storage  Temperature  (TF) 

120 

75 

4 

Paint  Shaker  Mix  Time  (min  for 
Component  A) 

30 

5 

5 

Application  Equipment 

Conventional 

HVLP 

6 

Induction  Time  (hrs) 

4 

0.5 

7 

Flash  Off  -  Time  Between  Coats  (hrs) 

1 

0 

S 

DFT  (mUs) 

4 

2 

9 

Cure  Duration  (d^s) 

7 

3 

10 

Cure  Temperature  (°F) 

120 

75 

11 

Cure  Humidity  (%  RH) 

80 

40 

12 

Paint  Type 

MIL-C^6168 

WRCARC 

Dependent  Variable 

1 

Dry  Tensile  Adhesion 

2 

Tape  AdhesionAVater  Resistance 

3 

Reverse  hnpact  Resistance 

4 

MEK  Resistance 

5 

Hydraulic  Fluid  Resistance 

6 

Humidity  Resistance  (100%  RH) 

7 

Taber  Abrasion  Resistance 

8 

Gloss  (20°,  60“  and  85") 

9 

GE  Impact  Flexibility 

10 

AE  Color  Match 
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Low  Volatile  Organic  Compound  (VOC)  Clieimcal  Agent  Resktant  Coating  (CARC) 


Table  2  SERDP  Low  VOC  CARC  DOE  Experimental  Matrix 


Row 

Pattern 

Paint 

Type 

Color 

Storage 

Duration 

(daya) 

Storage 

Temp.(‘F) 

Mix  Time 
(min) 

Egpl. 

Ind  Time 
(mlnj 

Flash 

Tlme(hrs) 

DFT 

Cure 

Duration 

(days) 

Cure 

Temp(‘F) 

Curs 
Humidity 
(%  Ret) 

B1 

- +-+-++- 

WRCARC 

34094 

7 

75 

30 

hvlp 

30 

1 

2 

7 

120 

40 

B2 

WRCARC 

34094 

7 

120 

5 

oonv 

240 

0 

4 

3 

75 

40 

B3 

— +._++ — 4-++ 

WRCARC 

34094 

28 

75 

5 

oonv 

240 

0 

2 

7 

120 

80 

B4 

WRCARC 

34094 

28 

120 

30 

hvlp 

30 

1 

4 

3 

75 

80 

B5 

WRCARC 

36521 

7 

75 

5 

oonv 

30 

1 

4 

3 

120 

80 

B6 

WRCARC 

36521 

7 

120 

30 

hvlp 

240 

0 

2 

7 

75 

80 

B7 

WRCARC 

36521 

28 

75 

30 

hvlp 

240 

0 

4 

3 

120 

40 

B8 

-+++-+-+-+- 

WRCARC 

36521 

28 

120 

5 

oonv 

30 

1 

2 

7 

75 

40 

B9 

46168 

34094 

7 

75 

5 

hvlp 

240 

1 

4 

7 

75 

80 

BIO 

+._+++ - ++ 

46168 

34094 

7 

120 

30 

oonv 

30 

0 

2 

3 

120 

80 

Bit 

46168 

34094 

28 

75 

30 

oonv 

30 

0 

4 

7 

75 

40 

B12 

46168 

34094 

28 

120 

5 

hvlp 

240 

1 

2 

3 

120 

40 

B13 

++..++++.— 

46168 

36521 

7 

75 

30 

oonv 

240 

1 

2 

3 

75 

40 

B14 

46168 

36521 

7 

120 

5 

hvlp 

30 

0 

4 

7 

120 

40 

BIS 

+++ - + 

46168 

36521 

28 

75 

5 

hvlp 

30 

0 

2 

3 

75 

80 

B16 

++++++++++++ 

46168 

36521 

28 

120 

30 

oonv 

240 

1 

4 

7 

120 

80 
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Low  Volatile  Organic  Compound  (VOC)  Chemical  Agent  Resistant  Coating  (CARC) 


Table  3  DOE  Total  Performance  Evaluation  of  Low  VOC  CARC 


Performance 

Test 

Primed  (P)  or 

Range 

Property 

Unprimed  (U) 

Adhesion 

Tensile 

(ASTMD4S41) 

P 

0  -  1000  psi 

Dry  Tape  "A"  Method 
(ASTMD3359/FedSld  141-6301) 

P 

0-5 

Wet  Tape  (2  hr/RT) 

(ASTMD3359/Fed  Sfd  141-6301) 

P 

0-5 

Wet  Tape  (4d/i20‘T) 

(ASTMD3359/Fed  Std  141-6301) 

P 

0-5 

Wet  Tape  (7(1/150^) 

(ASTM  D3359/Fed  Std  141-6301) 

P 

0-5 

Fluid/Corrosion 

Resistance 

H20  Resistance  (24hr/RT) 

(TTP-2756) 

P 

0  -  100%  bbster 

H20  Resistance  (4d/120°F) 

(TTP-2756) 

P 

0-1 00%  blister 

H20  Resistance  (7d/150"F) 

(TTP-2756) 

P 

0  -  100%  blister 

Humidity  Resistance  (28d/100%RH/120“F) 
(ASTMD2247) 

P 

0  -  100%  bbster 

23699  Oil  Resistance  (24hr/250TF) 
(MIL-C-85285) 

P 

0  -  100%  bbster 

MEK  Resistance  (25  double  rubs) 
(MIL-C-85285) 

P 

0-25  double  rubs 

Flexibility  or 
Mechanical 

Gardner  Reverse  Impact  Test 
(ASTMD2794) 

U 

0-80  inch-lbs. 

Gardner  Reverse  Impact  Test 
(ASTMD2794) 

P 

0-80  inch-lbs. 

GE  Impact  Test 
(Fed  Std  141-6226) 

u 

0  -  60% 

GE  Impact  Test 
(Fed  std  141-6226) 

p 

0  -  60% 

Taber  Abrasion 
(ASTMD6037) 

p 

0  -  750  mg 

Optical 

20“  Gloss 
(ASTMD523) 

N/A 

unitless 

60“  Gloss 
(ASTMD523) 

N/A 

unitless 

85“  Gloss 
(ASTMD523) 

N/A 

unitless 

Color  Match  (AE) 

(ASTMD2244) 

N/A 

unitless 
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Low  Volatile  Organic  Compound  (VOC)  Chemical  Agent  Resistant  Coating  (CARC) 


Wt%  SoUds  (1  hr  @  110"C) 

Vol%  Solids  (Manuf  Data  on 
Components) 

Wet  Density  (Ib/gal  cup) 

Finen^s  of  Dispersion  (Hegman  Scale, 
0-8) 

Flash  Point  (via  Penslqr-Martens  Closed 
Cup) 

Viscosity  (Admix),  Ford  #4  (sec) 

Pot  Life  (1  hr).  Ford  #4  (sec) 

Pot  Life  (2  hr).  Ford  #4  (sec) 

Pot  Life  (3  hr),  Ford  #4  (sec) 

Pot  Life  (4  hr).  Ford  #4  (sec) 

Pot  Life  (5  hr).  Ford  #4  (sec) 

Pot  Life  (6  hr).  Ford  #4  (sec) 

Accelerated  Stor^e  (30d@140‘F) 

Accelerated  Storage  (Ford#4  @  0, 1, 2 
hr) 

Freeze  Thaw  (4  cycle  / 
16hr@10"F+8hr@72“F) 

Freeze  Thaw  (Ford#4@0,l,2hr) 


Table  4  Non-Film  Properties 
WRCARC  (GREEN) 


PART  A 

PARTS 

ADMIXED 

47 

75.41 

42.88 

34.6 

69.3 

34.63 

10.21 

9.02 

9.46 

2.5 

n/a 

n/a 

>212 

144 

n/a 

n/a 

n/a 

27 

n/a 

n/a 

30.5 

n/a 

n/a 

31.5 

n/a 

n/a 

34.5 

n/a 

n/a 

45 

n/a 

n/a 

n/a 

n/a 

n/a 

84 

Pass 

Pass 

n/a 

n/a 

n/a 

29,41.5,  57 

Pass 

Pass 

n/a 

n/a 

n/a 

28.5,  33,  35 

WRCARC  (GRAY) 


PART  A 

PARTS 

ADMIXED 

44.45 

75.41 

41.02 

34.4 

69.3 

34.53 

9.74 

9.02 

9.27 

2.5 

n/a 

n/a 

>212 

144 

n/a 

n/a 

n/a 

24 

n/a 

n/a 

25.5 

n/a 

n/a 

26 

n/a 

n/a 

n/a 

n/a 

n/a 

25 

n/a 

n/a 

n/a 

n/a 

n/a 

24.5 

Pass 

Pass 

n/a 

n/a 

n/a 

27,  33.5,  36 

Pass 

Pass 

n/a 

n/a 

n/a 

31.5,  40,44 
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Table  5  Application  Evaluation  of  WRCARC  (34094) 


Test 

Designation 

Substrate 

No.  of 
Passes 

TC  WFT 
(mils)* 

TC  DFT 
(mils)* 

Film 

Formation 

A7  -  1 

1010  CRS 

1 

2 

0.67  +  0.11 

Uniform 

A7  -  2 

1010  CRS 

2 

4 

1.04  +  0.20 

Uniform 

A7  -  3 

1010  CRS 

3 

5 

1.59  +  0.34 

Uniform 

A7  -  4 

1010  CRS 

4 

7 

2.03 +  0.25 

Sag** 

A7  -  5 

1010  CRS 

5 

9 

2.40  +  0.36 

Sag** 

A7  -  6 

1010  CRS 

6 

11 

2.36  +  0.44 

Gross  Sag*** 

All  -  1 

1010  CRS  w/MIL-P-53022 

1 

2 

0.77  +  0.15 

Uniform 

All  -  2 

1010  CRS  w/MIL-P-53022 

2 

4 

1.31+0.30 

Sag** 

All  -  3 

1010  CRS  w/MIL-P-53022 

3 

6 

1.43+0.31 

Gross  Sag*** 

•Note: 

••Note: 

•**Note: 


TC  WFT  =  estimated  topcoat  wet  film  thickness;  TC  DFT  =  topcoat  dry  film  thickness 
Sag  noticed  during  drying  but  unnoticeable  in  cured  film 
Gross  sag  noticed  during  drying  and  after  cure 


Low  Volatile  Organic  Compound  (VOC)  Chemical  Agent  Resistant  Coating  (CARC) 


Table  6  Property  Effects  of  Mix  Procedure/Induction  Time 


I 

n 

m 

IV 

Topcoat 

WRCARC(34094) 

'WRCARC(34094) 

WRCARC(34094) 

’WRCARC(34094) 

Mix  Procedure  (A :  B  :  H^O) 

2:l(mix);l(mix) 

2:l(mix):l(inix) 

2:l:l(mix) 

2:l:l(mix) 

Induction  Time  <hi) 

0 

2hr 

0 

2hr 

Primer 

None 

None 

None 

None 

Pietreatment 

None 

None 

None 

None 

Substrate 

1010  CRS 

1010  CRS 

1010  CRS 

1010 CI« 

Application  Characteristics 

(Flow  from  gun,  film  formation) 

wet,  uniform 

wet,  uniform 

sputtered,  mottled 

sputtered,  mottled 

Cured  Film  Appearance 

SltKIOth 

smooth 

textured,  porous 

textured,  porous 

Color  (CIELAB,  D65  Ilium,  10°  Obs) 

L* 

31.1 

31.32 

30.3 

30.27 

a* 

-2.82 

-2.9 

-1.46 

-2.02 

b* 

9.95 

9.68 

10.46 

9.96 

Color  Change  (AE) 

Mix  Procedure  (J  vs.  Ill) 

n/a 

n/a 

1.66 

n/a 

Mix  Procedure  (H  vs.  IV) 

n/a 

n/a 

n/a 

1.4 

Induction  Time  (I  vs.  H) 

n/a 

0.36 

n/a 

n/a 

Induction  Time  (HI  vs.  IV) 

n/a 

n/a 

n/a 

0.75 

Gloss 

20° 

0.1 

0.1 

0.2 

0.1 

60° 

0.5 

0.5 

0.5 

0.6 

85° 

1 

1 

0.7 

0.9 

Taber  Abrsn  (H-10, 7S0  rev,  SOOg) 

wL  loss  (mg) 

106  +  45 

134  +  33 

107+18 

142+14 

DPT  loss  (mils) 

1.05  +  0.49 

1.35  +  0.07 

1.75  +  0.21 

2.05  +  0.21 
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Table  7  Post  Application  Paint  Properties 


WRCARC 

M)L-C-46ie8 

34094 

30251 

34094 

30251 

Sag  Resistance  (Horizontal  Anti-Sag  Index) 

1.77 

1.35 

8.8 

2.9 

Vol%  Solids  (Manuf  Data  on  Components) 

34.63 

34.53 

52.6 

51 

HASI  Estimated  Single  Application  DFT(mils) 

0.61 

0.47 

4.63 

1.48 

Set  To  Touch  (hr) 

0.5 

n/a 

n/a 

n/a 

Dry  To  Touch  (hr) 

2,5 

n/a 

n/a 

n/a 

Dry  Hard  (hr) 

4.5 

n/a 

n/a 

n/a 

Dry  Through  /  Dry  To  Handle  (hr) 

>7 

n/a 

n/a 

n/a 

Color  (CIELAB,  D65  Ilium,  10°  Obs) 

L* 

31.67 

54.4 

33.43 

55.53 

a' 

-2.94 

-1.47 

-5.06 

-1. 16 

b* 

9.25 

0.05 

9,83 

-0,14 

AE  (note  2,3) 

4.32 

0.23 

2.14 

1.48 

Gloss 

20° 

0.1 

0.4 

0.1 

0.2 

60° 

0.5 

1.1 

0.6 

1.4 

85° 

1.1 

1.1 

0.5 

1.6 

Holiday  Presence  (2,  3  mils  wShout  primer) 

positive 

n/a 

positive 

n/a 

note  I :  diy  film  thickness  was  1 .2  mils  for  optical  tests 

note  2:  FED-ST0-595  (34094):  L*  =  35-22,  a»  =  -5.33,  b*  =  8.68 

note  3:  FED-STD-595  (36251);  L*  =  54.19,  a*  =  -1.47,  b*  =  0.15 


MIL-C-29475(notel) 

34094 


4.65 

41.9 
1.95 

c/a 

n/a 

n/a 

n/a 

32.75 

-5.23 

10.27 

2.94 

0.1 

0.6 

1.9 

positive 
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Table  8  Cured  Film  Paint  Properties 


Topcoat 

WRCARC 

WRCARC 

WRCARC 

WRCARC 

WRCARC 

WRCARC 

(34094) 

(34094) 

(34094) 

(34094) 

(34094) 

(34094) 

Primer 

none 

MIL-P-53022 

MIL-P-53022 

MIL-P-53022 

none 

MIL-P-53022 

Pretteaftment 

none 

none 

TT-C-490 

MIL-C-5541 

MIL-A-8625 

MIL-A-8625 

Substrate 

1010  CRS 

1010  CRS 

1010  CRS 

2024  T3  Alclad 

2024  TO 

2024  TO 

Adhesion 

Tensile  (psi) 

467  4.14 

609+  10 

500+33 

709 +.122 

n/a 

n/a 

Dry  Tape  "A"  method  (0A-5A) 

4A  (Pass) 

4A  (Pass) 

4A  (Pass) 

4A  (Pass) 

n/a 

n/a 

Wet  Tape  (24  hr/RT)  (0A-5A) 

0A(Fail) 

4A  (Pass) 

4.5A  (Pass) 

4A  (Pass) 

n/a 

n/a 

Wet  Tape  (4dy  I20°F)  (0A-5A) 

n/a 

OAtFail) 

4, 5 A  (Pass) 

2.5A(Fail) 

n/a 

n/a 

Wet  Tape  (7d/  1 50°F)  (OA-5  A) 

n/a 

0A{Fail) 

4.5A  (Pass) 

3.5A(Fail) 

n/a 

n/a 

Permeation  Resistance 

H20  Resistance  (24  hr/  RT) 
(defect  free) 

Fail 

Pass 

Pass 

Pass 

n/a 

n/a 

H20  Resistance  (4  d/  120°F) 
(defect  free) 

n/a 

Fail 

Pass 

Pass 

n/a 

n/a 

H20  Resistance  (7  d/  150°?) 
(defect  free) 

n/a 

Fail 

Pass 

Pass 

n/a 

n/a 

Mechanical  ProperHes 

Gardner  Direct  Impact 
(0-160  in-lb) 

n/a 

n/a 

n/a 

n/a 

24 

24 

Gardner  Reverse  Impact 

n/a 

n/a 

n/a 

n/a 

8 

4 

(0-160  in-lb) 

GE  hnpact  Flexibility  (0-60%) 

n/a 

n/a 

n/a 

n/a 

10 

10 

Mandrel  Bend  (75°F) 

(no  cracks) 

n/a 

n/a 

n/a 

n/a 

Pass  @0.25" 

FaU@0.25" 

Mandrel  Bend  (-GO'T^) 

(no  cracks) 

n/a 

n/a 

n/a 

n/a 

Pass@T' 

Fail@I" 

Taber  Abrsn 

96  +  25 

n/a 

n/a 

n/a 

n/a 

n/a 

(H-10,  750  rev,  500g) 

(wt  loss  mg) 

Taber  Abrsn 

1.3  4-0.35 

n/a 

n/a 

n/a 

n/a 

n/a 

(H-IO,  750  rev,  SOOg) 

(DFT  loss,  mils)  | 

Note;  tensile  adhesion  data  generated  on  painted  metal  substrate  without  being  bonded  to  backing  plate 
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Table  9  Taber  Abrasion  of  WRCARC  (34094) 


No .  of  Cycles 

Weight 

Loss  (ms) 

Cumulative  Weight 
Loss  tme) 

Total  Thickness  Loss 
(mils) 

100 

-23 

-23 

n/a 

200 

5 

-18 

n/a 

300 

3 

-15 

n/a 

400 

20 

5 

n/a 

500 

10 

15 

n/a 

600 

3 

18 

n/a 

700 

7 

25 

n/a 

800 

9 

34 

n/a 

900 

-14 

20 

n/a 

1000 

14 

34 

n/a 

1100 

-9 

25 

n/a 

1200 

13 

38 

n/a 

1300 

5 

43 

n/a 

1400 

-23 

20 

n/a 

1500 

21 

41 

0.67 

Note:  CS-17  wheel,  1000-giam  weight 

Note:  final  appearance  of  test  area  =  dulled  wear  rack 
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Table  10  Topcoat  recoatability  data 


PuII-off  Adhesion  (psi) 

Pull-otr  adhesion  (psf) 
w.r.t  recoat  duration 

Recoat 

Duration 

(hr) 

.Primer 

Topcoat 

Color 

DFT  (mils) 
Primer 

Topcoat 

FOm 

Defects 

avgerage 

Standard 

deviation 

avgerage 

Standard 

deviation 

2 

none 

scare 

34094 

2.4 

none 

517 

101 

1155.5 

604.6567 

2 

53022 

scare 

34094 

1.1 

2.5 

none 

741 

414 

2 

none 

scare 

36251 

2.6 

none 

451 

137 

2 

53022 

scare 

36251 

1.2 

2.5 

none 

1946 

32 

2 

none 

4616S 

34094 

■  — 

2.7 

none 

1179 

673 

2 

53022 

46168 

34094 

1.3 

2.7 

none 

2009 

332 

2 

none 

46168 

36251 

— 

2.5 

none 

1451 

43 

2 

53022 

46168 

36251 

1.4 

2.3 

none 

950 

112 

24 

none 

scare 

34094 

_ 

3,8 

none 

587 

36 

1063.75 

365.0369 

24 

53022 

scare 

34094 

1.2 

4.3 

none 

446 

54 

24 

none 

scare 

36251 

— 

3.5 

none 

1444 

573 

24 

53022 

scare 

36251 

1.2 

3.4 

none 

1240 

666 

24 

none 

46168 

34094 

— 

4.3 

none 

1271 

604 

24 

53022 

46168 

34094 

1.5 

4.1 

none 

975 

580 

24 

none 

46168 

36251 

— 

3.6 

none 

1205 

386 

24 

53022 

46168 

36251 

1.3 

3,4 

none 

1342 

•ill 

72 

none 

scare 

34094 

— 

4 

none 

497 

107 

1196.75 

479.5783 

72 

53022 

scare 

34094 

1.1 

4.1 

none 

785 

278 

72 

none 

scare 

36251 

— 

3.8 

none 

1790 

94 

72 

53022 

scare 

36251 

1.4 

3.4 

none 

1123 

527 

72 

none 

46168 

34094 

— 

4.2 

none 

1108 

494 

72 

53022 

46168 

34094 

1.2 

4 

none 

1872 

108 

72 

none 

46168 

36251 

3.9 

none 

1454 

64 

72 

53022 

46168 

36251 

1.4 

3.8 

none 

945 

127 

168 

none 

scare 

34094 

— 

4.2 

none 

843 

560 

1216.25 

386.6596 

168 

53022 

scare 

34094 

1.2 

4.2 

none 

1274 

47 

168 

none 

scare 

36251 

... 

3.5 

none 

1148 

478 

168 

53022 

scare 

36251 

1.2 

3.6 

none 

1887 

30 

168 

none 

46168 

34094 

... 

4.3 

none 

802 

484 

168 

53022 

46168 

34094 

1.4 

4.4 

none 

1627 

402 

168 

none 

46168 

36251 

... 

5,5 

none 

1260 

210 

168 

53022 

46168 

36251 

1.3 

4.7 

none 

889 

466 

average 

1158.063 

Note:  backii^  plate  used  for  all  tests 
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Table  11  Primer  Compatibility 


DFTtmils) 

3-Day  Cure 

Tensile  Adhesion  (psi) 

7-0ay  Cure 

Tensfle  Adhesion  ^si) 

Catalog 

Number 

Primer 

Topcoat 

Color 

Primer 

Topcoat 

Average 

Standard 

Deviation 

Average 

Standard 

Deviation 

Average 

E4-2A 

53022 

46168 

34094 

1 

2 

2060 

124 

2665 

263 

1991.1 

E-1-2B 

53022 

46168 

36251 

1 

1.4 

1768 

1080 

2909 

366 

E-2-2A 

53030 

46168 

34094 

1.3 

2 

1992 

528 

2767 

272 

E-3-2A 

23377C 

46168 

34094 

1 

2 

2329 

265 

2919 

333 

B-4-2A 

85582N 

46168 

34094 

1.2 

2 

2176 

416 

2400 

640 

E-5-2A 

BR235 

46168 

34094 

3.6 

2 

1392 

466 

1993 

330 

E-6-2A 

26915 

46168 

34094 

1.8 

2 

1962 

814 

3256 

212 

E-7-2A 

2760 

46168 

34094 

1.5 

2 

1992 

589 

3245 

117 

E-8-2A 

2756 

46168 

34094 

1.5 

2 

2074 

483 

2746 

749 

E-9-2A 

bntslOll 

46168 

34094 

0.9 

2 

2166 

387 

2481 

694 

E-l-lA 

53022 

scare 

34094 

1 

1.7 

2125 

626 

3041 

328 

2034.2 

E-l-lB 

53022 

scare 

36251 

1 

1,9 

1096 

108 

2512 

250 

E-2-1A 

53030 

scare 

34094 

1.3 

1.7 

2543 

575 

3894 

209 

E-3-1A 

23377C 

scare 

34094 

1 

1.7 

2875 

24 

3134 

1252 

E-4-1A 

85582N 

scare 

34094 

1.2 

1.7 

2386 

143 

3160 

124 

E-5-1A 

BR235 

scare 

34094 

3.6 

1.7 

2033 

0 

1395 

85 

E-6-1A 

26915 

scare 

34094 

1.8 

1.7 

1830 

848 

2767 

528 

E-7-1A 

2760 

scare 

34094 

1.5 

1.7 

879 

193 

2980 

893 

E-8-1A 

2756 

scare 

34094 

1.5 

1.7 

2145 

449 

2991 

453 

E-9-1A 

bmslOll 

scare 

34094 

0,9 

1.7 

2430 

586 

2492 

970 

Average 

2012.65 

2787.35 

Note:  backii^  plate  used  for  all  tests 
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Table  12  DOE  Panel  Set  Dry  Film  Thickness  Measurements 


Panel 

Set 

Storage 

Duration 

(davs) 

Application 

Equipment 

Primer 

DFT 

Topcoat 

DFT 

Target 

Topcoat 

DFT 

Total 

System 

DFT 

B1 

7 

HVLP 

1.5 

1.9 

2 

3.4 

B2 

7 

Conventional 

1.6 

1.7 

4 

3.3 

B3 

28 

Conventional 

0 

B4 

28 

HVLP 

0 

B5 

7 

Conventional 

1.4 

3.3 

4 

4.7 

B6 

7 

HVLP 

1.1 

2 

2 

3.1 

B7 

28 

HVLP 

0 

B8 

28 

Conventional 

0 

B9 

7 

HVLP 

1.2 

4.2 

4 

5.4 

BIO 

7 

Conventional 

1.3 

1.9 

2 

3.2 

Bll 

28 

Conventional 

0 

B12 

28 

HVLP 

0 

B13 

7 

Conventional 

1.4 

1.2 

2 

2.6 

B14 

7 

HVLP 

1.1 

2.3 

4 

3.4 

B15 

28 

HVLP 

0 

B16 

28 

Conventional 

0 

Notes; 

1  Only  panel  sets  coated  with  material  for  7  days  storage  reported  in  this  interim  report 

2.  Each  i^rted  value  is  representative  of  all  panels  within  that  set  (i.e.,  all  panels  wrthm  panel  set  B 1 

have  a  primer  thickness  of  1.5  mU  DFT) 
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Table  13  DOE  Perfonnance  Test  Results 


Experimental  Set 

Tensile  Adliemn 
witlt  Primer 

Tensile  Adbesion 
without  primer 

Dry  Tape  Adfaesioo 

Wet  Tape  Adbesion 
-  lday/25^ 

Wet  Tape  Adhesion 
-4diiys/120‘C 

Wet  Tape  Adbesion 
-  7  days/lSOX 

WRlday/RT 

WR4days/120^ 

B1 

S61 

507 

4.0 

4.0 

4.0 

4.0 

P 

P 

B2 

471 

542 

4.0 

3.5 

4.0 

4.0 

P 

P 

B? 

263 

255 

4.0 

4.0 

4.0 

4.0 

P 

P 

B4. 

287 

241 

4.0 

4.0 

4.0 

3.5 

P 

P 

B5 

537 

520 

4.0 

4.0 

4.0 

4.0 

P 

P 

B6 

505 

668 

4.0 

4-0 

4.0 

4.0 

P 

P 

B7 

255 

238 

4.0 

3.0 

3.0 

3.0 

F 

F 

B8 

252 

324 

3.0 

4.0 

4.0 

4.0 

P 

P 

B9 

471 

607 

5.0 

5.0 

5.0 

5-0 

P 

P 

BIO 

387 

367 

5.0 

5.0 

5.0 

5.0 

P 

P 

Bll 

353 

311 

4.0 

5.0 

5.0 

5.0 

P 

P 

B12 

326 

287 

4.0 

5.0 

5.0 

5.0 

P 

P 

B13 

445 

506 

3.5 

4.0 

4.0 

3.5 

P 

P 

BU 

572 

574 

3.0 

4.0 

4.0 

3.5 

P 

P 

B35 

274 

243 

4.0 

4.0 

4.0 

4.5 

P 

P 

B16 

360 

334 

4.0 

4.0 

4.0 

4.0 

P 

P 

Experimental  Set 

WR7days/l50'C 

Oil  Resistance 

MEK  Resistance 

RG  Impact  with 
Primer  (in-lbs) 

RG  Impact  without 
Primer  (in-Ibs) 

GE  Impact  with 
Primer  (%  flex) 

GE  Impact  without 
Primer  (%  flex) 

Taber  Abrasion  - 
thickness  loss  (mils) 

B1 

P 

P 

100 -P 

2 

<1 

10 

5 

1.05 

B2 

P 

P 

100 -P 

16 

4 

20 

10 

0-71 

B3 

P 

P 

100 -P 

<1 

5 

5 

0.69 

B4 

F 

P 

100-p 

<1 

<1 

5 

5 

0.73 

B5 

P 

P 

100 -P 

2 

<1 

10 

10 

0.83 

B6 

P 

P 

100-p 

4 

<1 

10 

5 

0.90 

B7 

F 

F 

100-p 

8 

4 

10 

10 

0,31 

F 

F 

100-p 

3 

2 

10 

0.78 

B9 

P 

P 

100-p 

<1 

4 

5 

20 

4.55 

BIO 

P 

P 

100-p 

<1 

8 

>=5 

10 

2.43 

fill 

P 

P 

100-p 

3 

6 

10 

4.06 

B12 

P 

¥ 

100-p 

1 

4 

20 

20 

2.38 

B13 

P 

P 

100-p 

<1 

<1 

10 

2 

1.51 

BU 

P 

P 

100-p 

<1 

<1 

0.5 

1.10 

B15 

F 

P 

100-p 

<1 

<1 

10 

2 

0.56 

B16 

P 

P 

100-p 

<1 

<1 

0.5 

0.5 

0.95 

Ezper^ental  Set 

Taber  Abrasion  > 
weight  Joss  (grams) 

doss  20^ 

Gloss  60*' 

doss  85^ 

CEE-L 

CIE-a 

CIE-b 

B1 

0.074 

0.1 

0.5 

0.9 

31.25 

9.65 

B2 

0.061 

0.1 

0.6 

1.1 

31.41 

-3.15 

9.41 

B3 

0.064 

0.1 

0.8 

1.3 

32.17 

-5.18 

8.90 

B4 

0.1 

0.5 

0.4 

31.84 

-5.04 

9.47 

B5 

0.071 

0.3 

1.0 

0.9 

54.90 

-1.41 

-0.04 

B6 

0.066 

0.4 

1.2 

1.1 

54.73 

-1.42 

0,00 

B7 

0.024 

0.4 

2.0 

2.3 

57.40 

‘1.20 

0.00 

BS 

0.050 

0.4 

1.2 

0.9 

56,94 

-1.15 

0,26 

B9 

0.499 

0.1 

0.3 

0.2 

31.12 

-4.72 

8.41 

BIO 

0.257 

0.1 

0.4 

-03 

32.81 

-4.55 

8.93 

Bll 

0.480 

0.1 

0.3 

0.6 

32.85 

-4.86 

10.08 

B12 

0.282 

0.1 

0.5 

0.6 

3Z29 

-5.08 

9.76 

B!3 

0.094 

0.4 

1.2 

0.6 

55,56 

-1.14 

-0.42 

B14 

0.123 

0.4 

2.3 

4.1 

56.50 

-i.l9 

-0,41 

B15 

0.079 

0.4 

1.9 

4.0 

56.09 

-1.13 

-037 

B16 

0.112 

0.9 

8.0 

15.9 

53.75 

-1.36 

-0.70 
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Table  14  Summary  of  VIC  for  Each  Independent  Variable  on  Performance  Properties 


Performance  Property 

Pain^  Type 

Color 

Storage 

Duration 

Storage 

Temp 

Mix  Time 

Equipment 

Induction 

Time 

Flash  Time 

DFT 

Cure 

Duration 

Cure  Temp 

Cure 

Humidity 

Total  VIC 

Tensile  Adhesion  with  Primer 

0.51 

0.09 

0.08 

0.06 

Tensile  Adhesion  without  Primer 

0.42 

0.08 

0.83 

Dry  Tape  Adhesion 

0,07 

Bbm 

0.13 

0.17 

0.89 

Wet  Tape  Adhesion  1  day/RT 

0.28 

0.23 

HlB 

0,08 

0,08 

0.06 

0.86 

Wet  Tape  Adhesion  4  days/120® 

0.26 

0,06 

0.95 

Wet  Tape  Adhesion?  days/1 50° 

0.23 

IKESH 

0,05 

0.88 

Cumulative  VIC  for  Adhesion 

0.90 

0.93 

0.98 

0.12 

0,23 

o.ie 

0.32 

0.18 

0.46 

0.38 

0.26 

0,39 

WR  1  day  /RT 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

0.00 

WR  4  days/120° 

R/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

0.00 

WR7  days/150° 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

0.00 

Oil  Resistance 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

0.00 

MEK  Resistance 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

0.00 

RG  Impact  w/Pr 

0.17 

0.05 

0.05 

0.06 

0.11 

0.14 

0.08 

0.08 

0.16 

0.90 

RQ  Impact  w/0  Pr 

0.13 

0.21 

0.05 

0.09 

0,13 

0,07 

0.13 

0.13 

0.94 

GE  Impact  w/Pr 

0.14 

0.05 

0.05 

0.05 

0.05 

0.05 

0.14 

0.08 

0.11 

0.22 

0.94 

GE  Impact  w/o  Pr 

0.21 

0,11 

0.06 

0.11 

0.06 

0,11 

0.13 

0.08 

0.87 

Cumulative  VIC  for  Impact  Resistance 

0.56 

IjHQIIQII 

0.21 

0.26 

0.27 

0.38 

0.32 

0.42 

0.19 

0.59 

Taber  Abrasion  (thickness  loss) 

0.20 

19 

0.88 

Taber  Abrasion  (weight  loss) 

WmsEBM 

mPim 

^0091 

■HI 

Cumulative  VIC  for  Abrasion  Resistance 

0.51 

0.41 

0,05 

0.13 

mm 

0.00 

0.00 

0.24 

0.12 

1. 71 

1.90 

1.13 

0.30 

0.44 

0.42 

0.59 

0.56 

1.10 

0.69 

1.10 

Gloss  20° 

0.07 

HI 

0.06 

0.92 

Gloss  60® 

0.10 

0.19 

■S9 

19 

0.94 

Gloss  85° 

KSBIi 

0.09 

■9 

0,98 

Cumulative  VIC  for  Gloss 

0.28 

0.60 

Qr28 

0.25 

0.20 

0.17 

0.22 

0.06 

0.25 

0.12 

0.19 

0.14 

CIE-L 

0.86 

0.86 

CIE-a 

0.06 

0.61 

0.10 

0.08 

0.07 

0.92 

CIE-b 

0.85 

0.04 

0.92 

Cumulative  VIC  for  Color 

0.09 

2.32 

0.10 

0.00 

0.00 

0.00 

0.00 

0.00 

0.08 

0.00 

0.00 

0.11 

Overall  Cumulative  VIC 

2.00 

4,90 

1.51 

0.55 

0.64 

0.59 

0.81 

0.62 

1,43 

0.92 

0.88 

1.35 
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APPENDIX  Application  Survey  of  Field  Maintenance  Units 


OOD 

SUBSTRATE 

APPUCATION  EQUIPMENT 

BR 

SITE 

TYPE 

PREPARATION 

CONVENTIONAL 

AIRLESS 

HVLP 

AF 

Dover.DE 

Al,  FG/Ep 

SS  (no  CCC) 

n/a 

n/a 

Aiiveiter 

AF 

Dyess,  TX 

n/a 

n/a 

Airveifer 

AF 

Edwards,  CA 

n/a 

n/a 

Bink  Mach  1 

AF 

Eglin,  FL 

Al»  Or/Bpi 
B/Ep 

SS(all) 

(Grace  Pro  4500) 

Graco 

Binks,  Kremlin 

AF 

Fairchild,  WA 

n/a 

n/a 

Sharp 

AF 

Hurlbnrt  FL 

Al,  FG/Ep 

SS  (no  CCC) 

n/a 

n/a 

Airverter 

AF 

Langley,  VA 

n/a 

Graco  AA 

n/a 

AF 

Little  Keck,  AR 

n/a 

n/a 

DeVilbiss 

AF 

Luke  AFB,  AZ 

Al,  Gr/Ep 

CCC.  n/a 

n/a 

n/a 

SE 

AF 

McOuire,  NJ 

Al,  Comp 

SS(all) 

n/a 

Graco 

Binks 

AF 

Minot,  ND 

n/a 

n/a 

Airverter 

AF 

Mta.  Home,  ID 

Al,  Gr/Ep, 
B/Ep 

SS(3ll) 

n/a 

Graco 

Devil  bi 

AF 

Nellis,  NV 

n/a 

n/a 

Bink  Mach  1 

AF 

OC-ALC,  OK 

Al,  FG/Ep, 
Gr/Ep 

CCC,  n/a,  n/a 

De^^Ibiss 

n/a 

Graco  MI265 

AF 

0£futt,NE 

n/a 

n/a 

Airverter 

AF 

00-ALC,  nr 

Gi/Ep 

CCC.  n/a 

DeVilhiss 

n/a 

Airverter 

AF 

Patrick,  FL 

Al,  FG/Ep 

SS(all) 

n/a 

<3raco 

n/a 

AF 

SA-ALC,  TX 

Al,  FG/Ep 

CCC,  n/a 

Graco  ES  Pro  4500sc 

n/a 

n/a 

AF 

Seymour  Johnson,  NC 

n/a 

n/a 

Airverter 

AF 

SM-ALC,  CA 

Al,  Gr/Ep, 
B/Ep 

CCC,  SS,  SS 

n/a 

n/a 

Binks 

AF 

WR-ALC,  GA 

Al,  FG/Ep, 
Gr/Ep 

CCC,  n/a,  n/a 

DeVilbiss 

n/a. 

Airverter 

Anny 

Anniston  Depot  AL 

Al,  St 

SS/WHB, 

SS/abrb! 

Binks 

n/a 

Binks 

Army 

Corpus  Christi  Depot  TX 

AlJKvlr/Ep, 

CCC,n/a,n/a,psvt 

pressure  pots/guns 

n/a 

cup  guns 

FG/Ep,steei,T  anod,dcr 

i,Mg 

Anny 

Rock  Island  Aisnl,  IL 

Al,  St 

abrbl(GB)/CF/SAA,  abrbl 
(GByZnP 

Binks  2001 

n/a 

n/a 

Amw 

SDSRR-ME 

Al,  St  mixed  abr  bl/CCC,abr  bl/ZnP, 

DeVilbiss 

Graco 

n/a 

Bldg  0323 

(shelters) 

SS  (all),  wpr 

Army 

SDSRR-ME 

Al,  St 

abrbl/CCC, 

DeVilbiss,  Graco 

Graco 

n/a 

Bldg  0333 

abr  bI/ZiiP,wpr 

Army 

SDSRR-ME 

AL  St 

abr  bl/CCC, 

DeVilbiss 

n/a 

n/a 

Bldg  0345 

abr  bi/ZnP,wpr 

Anny 

SDSRR-ME 

Bldg  0357 

Al,St 

abr  bl/ZnP,wpr 

DeVilbiss 

Graco 

n/a 

Anny 

SDSRR-ME 

Bldg  0360 

Al,  St 

afar  bl/ZiiP,wpf 

DeVilbiss 

Graco 

n/a 

Anny 

SDSRR-ME 

Al,  St 

solvent  clean,  wpr 

DeVilbiss 

n/a 

n/a 

Bldg  0373 
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APPENDIX  (continued)  Application  Survey  of  Field  Maintenance  Units 


DOD 

BR  SITE  TYPE 


Aimy 

SDSER-ME 

Bldg  0407 

AlSt 

Aimy 

SDSRR-ME 

Bldg  0591 

ALSt 

Aimy 

SDSRR-ME 

Bldg  0654 

At  St 

Aimy 

SDSRR-ME 

Bldg  0939 

Al,St 

Aimy 

SDSRR-ME 

Bldg  1116 

Al,St 

Army 

SDSER-ME 

Bldg  1 122 

ALSt 

Aimy 

SDSRR-ME 

Bldg  1130 

Al,St 

Aimy 

SDSER-ME 

Bldg  1 163 

Al.  St 

Army 

SDSRR-ME 

Bldg  1172 

Al,  St.  FG/Ep 

Aimy 

Tobyhanna  Depot,  PA 

Al,  St.  FG/Ep 

Army 

Watervliet  Ar^nal,  14Y 

steeI,'wood, 

brass 

MC 

Camp  Lejeune,  NC 

AL  St,  FG/Ep 

MC 

Camp  Pendleton,  CA 

Al,  St,  FG/Ep 

MC 

Log  Base-Albany,  GA 

Al,  St,  FGffip 

MC 

Log  Base-Barstow,  CA 

Al,  St,  FG/Ep 

MC 

Peart  Harbor  NSY,  HI 

Al,  St.  FG/Ep 

SU^TRATE 

PREPARATION  CONVENTIONAL 


abr  bl/CCC,abr 

DeVilbiss 

bi/ZnP.wpr 
orbital  air  sand. 

DeVilbiss 

HS,  wire  brush 
ortntal  air  sand, 

DeVilbiss 

HS,abrbl 
orbital  air  sand. 

DeVilbiss 

HS,abrbl 
orbital  air  sand, 

De^^lbiss 

HS,abrbl 
orbital  air  sand. 

DeVilbiss 

HS,abrbl 
orbital  air  sand, 

De^^lbiss 

HS,abrbl 
orbital  air  sand. 

DeA^lbiss 

HS,abrbl 
orbital  air  sand. 

De^rtlbiss 

HS,  wpr 

HS,ZrA10, 

Graco 

abf  bl  (steel  grit) 

orbital  air  sand. 

Binks  #62 

n/a 

HS,  steam  cl 
HS,abrbl 

n/a 

orbital  air  sand. 

n/a 

HS,  abr  bl,  steam  cl 
orbital  air  sand. 

n/a 

HS,  abr  bl,  steam  cl 
HS,  abrbl 

Bisks 

APPLICATION  EQUIPMENT 
AIRLESS  HVLP 


n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

Smitb  EasKm, 

Can-Am, 

DeVilbiss 

n/a 

Binks  #  Mach  I 
HVLP 

SsHaModelKLCAAA) 

Binks  BBR 

SataMC)delKL(AAA) 

Binks  BBR 

SataModel  KL(AAA) 

Binks  BBR 

SataModelKLCAAA) 

Binks  BBR 

Sinks,  Graco 

Binks 
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APPENDIX  (continued)  -  Application  Survey  of  Field  Maintenance  Units 


OOD 

COATING 

PROTECTIVE 

BR 

SITE 

PRIMER 

TOPCOAT 

MANUFACTURER 

EQUIPMENT 

AF 

Dover,DE 

Ep  (23377?) 

PU  (85285?) 

P&UDeft 

n/a 

AF 

Pyess,  TX 

AF 

Edwards,  CA 

AF 

Eglin,  FL 

23377 

83286 

Deja/P&L,Defi 

n/a 

AF 

Fairchild,  WA 

AF 

Huribuit,  FL 

23377 

85285 

P&UDeft 

n/a 

AF 

Langley.  VA 

AF 

Little  Rock,  AR 

AF 

Luke  AFB,  AZ 

Epoxy  -  513X423B 

85285 

Crtd 

n/a 

AF 

McGuire,  NJ 

Ep  (23377?) 

PU  (85285?) 

P&L,Deft 

n/a 

AF 

Minot,  ND 

AF 

Mta.  Home,  ID 

23377 

85285 

n/a 

n/a 

AF 

Nellis,  NV 

AF 

OC-ALC,  OK 

23377 

85285 

Deft;  Defb'Crtd 

n/a 

AF 

OffultNE 

AF 

00-ALC,UT 

2760,  BMS-1058. 
23377 

85285 

Crtd,C[td,Crtd;  Deft 

n/a 

AF 

Patrick,  FL 

23377 

85285 

DeftDefi 

n/a 

AF 

SA-ALC.  TX 

23377,  2760 

85285 

P&UCitd;  Deft 

p/a 

AF 

Seymour  Johnson,  NC 

AF 

SM-ALC,  CA 

23377 

85285 

Deft;  Griggs/Dcft 

n/a 

AF 

WR'ALC,  GA 

23377,  2760 

85285,  83286 

Deft  Deft;  DeftDeft 

n/a 

Army 

Anniston  Depot,  AL 

53022 

22750,46168, 

GSA;  GSA,GSA,USnQDn.GSA 

ASR,HMR,sIove, 

TT-P-28.  NSN?,  dry 
film? 

coverall 

Anny 

Corpus  Christi  Depot,  TX 

23377  (T-I) 

4616S,22750,Ep- 

phenolic 

(Synthetesine#200) 

Niies,  Deft  Devoe 

Army 

Rock  Island  Arsnl,  IL 

2K  epoxy 

IK  PU  (53039?),  Ep 

Sprlt^&L;  Htzn  (383);  SprIt/P&L 

ASRjglove, 

(22750?) 

coverall 

Army 

SDSRR-ME 

53022 

22750,  46168, 

Chemray;  SprftSprll, 

ASR,glove,coveraIl,  ear 

Bldg  0323 

53039 

Htzn 

plugs 

Army 

SDSRR-ME 

53022 

22750,  46168, 

Chemray;  Sprit,  Sprit, 

ASR,gIove,coveralI,  ear 

Bldg  0333 

53039 

Htzn 

pings 

Army 

SDSRR-ME 

53022 

22750,  46168, 

Chemray;  SpritSprft 

ASR,glovc,coveralL  ear 

Bldg  0345 

53039 

Htzn 

plugs 

Army 

SDSRR-ME 

53022 

22750,  46168, 

Chemray;  SprftSprit; 

ASR,glove,covBrall,  ear 

Bldg  0357 

53039 

Htzn 

pings 

Army 

SDSRR-ME 

53022 

22750,  46168, 

Chemray;  Sprit,Sprft 

ASR,glove,coveraIl,  ear 

Bldg  0360 

53039 

Htzn 

plugs 

Army 

SDSRR-ME 

53022 

22750 

Chemray;  Sprit 

ASR,g3ove,covcrall,  ear 

Bldg  0373 

plugs 

Army 

SDSRR-ME 

53022 

22750,  46168, 

Chemray;  Sprit,  Sprit; 

ASR,glove,coverall,  ear 

Bldg  0407 

53039 

Htzn 

plugs 

Army 

SDSRR-ME 

epoxy 

polyurethane 

Chemray;  P&IVHtzn 

ASR,HMR,cotn. 

Bldg  0591 

glove, cvrall.s.shoe 

Amy 

SDSRR-ME 

epoxy 

polyurethane 

Cfaemraj^ 

ASR,HMR,cotn. 

Bldg  0654 

P&L/HtznO'Iiles 

glove, cvraII,s.shoe 

N67 


Low  Volatile  Organic  Compound  (VOC)  Chemical  Agent  Resistant  Coating  (CARC) 


APPENDIX  (continued)  -  Application  Survey  of  Field  Maintenance  Units 


DOD 

BR 

coaung 

SITE 

PRIMER 

COATING 

TOPCOAT 

MANUFACTURER 

PROTECTIVE 

EQUIPMENT 

Aimy 

SDSRR-ME  Bldg  0939 

epoxy 

polyurethane 

Chcmray;  P&L/Htzn/Niles 

ASR,HMR,cotn.glove, 
cvralls,  shoe 

Aimy 

SDSRR-ME  Bldg  1116 

epoxy 

polyurethane 

Chemray;  P&L/Htsm/Nileg 

AJSR,HMR,cotn,glove, 
cvralls,  shoe 

Anny 

SDSRR-ME  Bldg  1122 

epoxy 

polyurethane 

Chemray,  P&L/Hlzn/Niles 

ASR,HMR,cotn,giove, 
cvralls,  shoe 

Aimy 

SDSRR-ME  Bldg  1130 

epoxy 

polyurethane 

Chemray;  P&L/Htzn/Niles 

ASR/HMR,cotn,glovc, 
cvialls,  shoe 

Array 

SDSRR-ME  Bldg  1163 

epoxy 

polyurethane 

Chemray;  P&L/Htzn/Ntles 

ASR,HMR,cotn.glove, 
cvralls,  shoe 

Army 

SDSRR-ME  Bldg  1172 

red  epoxy 

Laminar  X500,  aliphatic 
polyurediane,  enamel 

ConLux;  DCM,Htzn,Randolph 

ASRgHMKglove, 
coverall,  goggle 

Army 

Tobyhaima  Depot,  PA 

53030,  53022 

22750,  53039,  46168 

De^Htzn/Hiles;Crfd/Hlzii, 

Htziii,Hlzn/Niles 

ASR,glove,coveral! 

Aimy 

Wateivljet  Arsenal,  NY 

2  part  epoxy 

CARC  Cblacfc,tan),  alfcyd 
enamel  (green) 

Htzn;  Htnz,F&L 

ASR,glove,covera]l 

MC 

Camp  Eejennc,  NC 

53022, 53030 

WBCC 

Deft/Htzn/Niles; 

Htzii/Niles/Spectru&i/S>W 

MC 

Camp  Pendleton,  CA 

53022,  53030 

WBCC 

Defi/Htzn/Niles; 

ntzu/Niles/Spectrum/S-W 

MC 

Log  Base-Abany,  GA 

53022,  53030 

WBCC 

Deft/H&n/Niles; 

Htzn/NUcs/Spectium/S-W 

MC 

Log  Base-Barstow,  CA 

53022,  53030 

WBCC 

Defl/Htzn/Hiles; 

Htzn/Niles/Spectrum/S-W 

MC 

Pearl  Harbor  NSY,  HI 

Bar  Rust  235 

WBCC 

Ameron;  Htzn/Niles/Spectrum/S-W 
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APPENDIX  (continued)  Application  Survey  of  Field  Maintenance  Units 


DOD  FACIUTY 


BR 

SITE 

LOCATM 

HEATING 

COOUNG 

HUMIDITY 

VENTING 

RLTRN 

AF 

Dover,DE 

indoor 

Steam 

none 

wet  floor 

make-up,  open 
doors 

dry/none 

AF 

Dyess,  TX 

AF 

Edwards,  CA 

AF 

Eglin,  FL 

indoor 

yos/none 

none 

wet  floor 

make-up,  open 
doors 

dry/none 

AF 

Fairchild,  WA 

AF 

Hurlburt,  FL 

indoor 

yes/no 

none 

wet  floor 

door  cross  flow, 
spray  booth 

none/dry 

AF 

Langley,  VA 

AF 

Little  Rock,  AR 

AF 

Luke  AFB,  AZ 

indoor 

Sas 

none 

wet  floor 

yes 

dry/none 

AF 

McGuire,  NJ 

indoor 

Steam 

none 

wet  floor 

yes 

diy 

AF 

Minot,  ND 

AF 

Mm.  Home,  ID 

indoor 

gas 

none 

wet  floor 

44Kcfin 

dry? 

AF 

Nellis,  NV 

AF 

OC-ALC,  OK 

indoor 

steam 

none 

wet  floor 

glK  cfm,  43K  cfin 

dry 

AF 

Offiitt,  NE 

AF 

00-ALC.UT 

indoor 

steam/gas 

none 

wet  floor 

yes 

w^  (small),  ? 

AF 

Patrick,  FL 

indoor? 

??? 

??? 

wet  floor 

fans 

??? 

AF 

SA-ALC,  TX 

indoor 

gas 

chilied  water 

wet  floor 

yes 

dry 

AF 

Seymour  Johnson,  NC 

AF 

SM-ALC,  CA 

indoor 

steam 

chilled  water 

wet  floor 

466Ecfin 

diy 

AF 

WR-ALC,  GA 

indoor 

gas/steam 

none/freon 

none/ wet  floor 

vent,  doors,  125K 
cfln 

diy 

Anny 

Anniston  Depot,  AL 

indoor 

yes? 

77? 

777 

yes 

dry/ wet 

Army 

Corpus  Christi  Depot  TX 

Army 

Rock  Island  Aisnk  IL 

indoor 

yes 

yes??? 

none 

yes 

diy 

Army 

SDSRR-ME  Bldg  0323 

indoor 

yes 

7 

7 

make-up/exhaust  air 

diy 

Army 

SDSRR-ME  Bldg  0333 

indoor 

yes 

7 

7 

make-up/exhaust  air  dry 

Army 

SDSRR-ME  Bldg  0345 

indoor 

yes 

7 

7 

make-up/exhaust  air  dry 

Army 

SDSRR-ME  Bldg  0357 

indoor 

yes 

7 

7 

make-up/exhaust  air  dry 

Army 

SDSRR-ME  Bldg  0360 

indoor 

yes 

7 

7 

make-up/exhaust  air  dry 

Army 

SDSRR-ME  Bldg  0373 

indoor 

yes 

7 

7 

make-up/exhaust  air  diy 

Army 

SDSRR-ME  Bldg  0407 

indoor 

yes 

7 

7 

make-up/exhaust  air  dry 

Army 

SDSRR-ME  Bldg  0591 

indoor 

no 

no 

no 

yes 

dry 
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APPENDIX  (continued)  Application  Survey  of  Field  Maintenance  Units 


DOD  FACILITY 


BR 

SITE 

LOCATN 

HEATING 

CCXIUNG 

HUMIDITY 

VENTING 

FIL7RN 

Amy 

SDSRR-MEBldg  1116 

no 

no 

no 

yes 

dry 

Army 

SDSRR-ME  Bldg  1 122 

isddor 

no 

no 

no 

yes 

dry 

Amy 

SDSRR-MEBldg  1130 

indoor 

no 

no 

no 

yes 

dry 

Amy 

SDSRR-ME  Bldg  1 163 

indoor 

no 

no 

no 

yes 

dry 

Amy 

SDSRR-MEBldg  1172 

indoor 

? 

? 

? 

7 

7 

Aimy 

Tobyhanna  Depot,  PA 

indoor 

yes 

none 

none 

down/cross  draft, 
make-up 

dry 

Amy 

Watcrvliet  Arsenal,  NY 

indoor 

yes 

? 

? 

dry 

MC 

Camp  Lejeune,  NC 

indoor 

yes 

? 

? 

open  doors 

dry  (comp) 

MC 

Camp  Pendleton,  CA 

indoor 

no 

? 

? 

open  doors 

dry  (comp) 

MC 

Log  Base-Albany,  GA 

indoor 

yes 

? 

7 

open  doors 

dry  (comp) 

MC 

Log  Base-Barstow,  CA 

indoor 

no 

? 

9 

open  doors 

diy  (comp) 

MC 

Peari  Harbor  NSY,  HI 

indoor 

no 

? 

? 

open  doors 

dry  (comp) 
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APPENDIX  (continued)  Application  Survey  of  Field  Maintenance  Units 


DOD 


BR 

SITC 

NOTES 

AF 

Dover,DF 

20  air  cap,  1.4  mm  fluid  nozzle;  L4  fluid  needle 

Af 

Dyess,  TX 

12  air  c^,  1.4mm  nozzle,  1 .4  needle 

AF 

Edwards,  CA 

95P  air  cap,  1 .4ninn  nozzle,  54-3950  needle 

AF 

Eglin,  FL 

Giaco  Pro  4500  info:  GG3-307  air  cap,  0.9mnj  nozzle,  0.9  needle 

AF 

Fairchild,  WA 

SGF  air  cap,  63mni  nozzle,  63  needle 

AF 

Harlburt  FL 

AF 

Langley,  VA 

721  air  cap 

AF 

Little  Rock,  AR 

33  air  cap 

AF 

Luke  AFB,  AZ 

AF 

McGiritB,  NJ 

AF 

Minot,  ND 

12  airc^,  1.4mm  nozzle,  1.4  needle 

AF 

Mttt.  Home,  ID 

Aiiver^r  info:  12  air  cap,  1 .4mni  nozzle,  1 .4  needle 

AF 

Nellis,  NV 

95P  air  cap,  1 .4mm  nozzle,  54-3950  needle 

AF 

OC-ALC,  OK 

AF 

omatNE 

12  ^  cap,  1.4min  nozzle,  1 .4  needle 

AF 

00-ALC.UT 

AF 

Patrick,  FL 

AF 

SA-ALC,  TX 

depot  closing  due  to  BRAC;  will  move  function  to  OC-ALC 

AF 

Seymour  Johnson,  NC 

10  air  cap,  1.2n]m  nozzle,  1.2  needle 

AF 

SM-ALC,  CA 

strip  for  overhaul;  scuff  sand  for  repair;  depot  closing  due  to  BRAC;  will  move  function  to  OO-ALC 

AF 

WR-ALC,  GA 

Army 

Anniston  Depot,  AL 

conveyor,drying  ovens,  70'xl8'xl4'  booth;  conv:  10*30gal,  66  AN,  66/65  FN/N,  35-50psi  AP, 
S/S^AL^FL;  HVLP:  lOgal,  92  AN,  91/54-3941  FN/N,  10-i5psi  AP,  3/8"AL&FL 

Aimy 

Corpus  Christ!  Depot,  TX 

CCAD  is  primary  overhaul  ^ility  for  rotary  wing  a/c  repair,  powder  coat  application  system  used  in  Engine 
Paint  Shop 

Anny 

Rock  Island  Aisnl,  IL 

60'’x20'  spray  booths,  16'  width  conveyor  line;  going  to  AAA  in  the  future;  2.5gal  pot  63  ro  air  nozzle; 
66/565  fluid  nozzle/needle;  60psi  air  pressure;  0.25"  air&fluid  line 

Army 

SDSRR-ME  Bldg  0323 

Steam  heated  convection  ovens  wilii  nominal  operating  temperature  of  160oF;  vehicle&man  lifts;  spray  gun 
specifles  provided 

Army 

SDSRR-ME  Bldg  0333 

Steam  heated  convection  and  IR  ovens  with  nominal  operating  temperature  of  160°F;  6  ton  monorail  and 
hoist;  ^ray  gun  specifics  provided 

Army 

SDSRR-ME  Bldg  0345 

Steam  heated  convectioD  with  nominal  operating  temperature  of  160*F;  chain  conveyor  and  rotating  hooks; 
spray  gun  specifics  provided 

Army 

SDSRR-ME  Bldg  0357 

Steam  heated  convection  with  nominal  operating  temperature  of  1  SO'T;  1  ton  monorail  and  hoist;  spray  gun 
^>eciflcs  provided 

Army 

SDSRR-ME  Bldg  0360 

Steam  heated  convection  with  nominal  operating  temperature  of  I60®F;  X  ton  monorail  and  hoist;  spray  gun 
specifics  provided 

Army 

SDSRR-ME  Bldg  0373 

2  ton  monorail  and  hoist;  spray  gun  specifics  provided 

Army 

SDSRR-ME  Bldg  0407 

Steam  heated  convection  with  nominal  operating  temperature  of  160®F;  X  ton  monor^  and  hoist;  spray  gun 
specifics  provided 

Army 

SDSRR-ME  Bldg  0591 

1 5'x30'  spray  booth;  spray  gun  specifics  provided 

Army 

SDSRR-ME  Bldg  0654 

8'  x6'  open  spray  booth;  spray  gun  specifics  provided 

Army 

SDSRR-ME  Bldg  0939 

25'  xl4'  spray  bootit  with  sliding  doors;  spray  gun  specifics  provided 
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DOD 


BR 

SITE 

NOTES 

Aimy 

SDSRR-ME  Bldg  1130 

18'x6'  open  spray  booth;  spray  gun  specifics  provided 

Anny 

SDSRR-ME  Bldg  1163 

8'x6'  open  spray  booth;  spray  gun  specifics  provided 

Anny 

SDSRR-ME  Bldg  1172 

spray  gun  specifics  provided 

Army 

Tobyhanoa  Depot,  PA 

HVLP  no  longer  used;  up  to  i6'xl6'x50'  booth;  5gal,  2.5gal,  small  siphon  cup;  66  SH  air  nozzle;  66/65 
fluid  nozzle/needie;  45-55psi  air  press;  3/8"  airline;  i/4"  fluid  line 

Aimy 

Watervliet  Arsenal,  NY 

MC 

Camp  Lejeune,  NC 

MC 

Camp  Pendleton,  CA 

MC 

Log  Base-Albony,  GA 

MC 

Log  Base-Barstow,  CA 

MC 

Pearl  Harbor  NSY,  HI 

0.035"  to  0.070"  nozzles  for  conventional  and  HVLP  guns 

NOTES:  FG  =  fiberglass;  Ep  =  epo:^;  Gr  =  graphite^  Comp  ”  composite,  St  =  Steel, 

NOTES:  CCC  =  chromate  conversion  coating;SS  =  scuff  san<ling;HS  =  hand  sandmg;CF  =  chemical  f51m;SAA  =  sulfuric  acid  anodiz6;ZnP  =  zinc  phosphate 
(TT-C-490) 

;  WHB  ~  walnut  hull  blastmg;  abr  bl  abrasive  blasting  =  steel  shot,  stainless  steel  shot,  steel  grit,  aluminum  oxide,  green  lightnii^  coal  slag, 
garnet,  glass  bead 

:  psvt  ^  passivated,  anod  =  anodized,  dcr  =  dicbromated;  wpt  -  (Randolph)  wash  primer  (DOD-P-15328)  if  required 

NOTES:  P&L  =  Pratt  &  Lambert;  Crtd  ="  Courtaulds;  Htzn  =  Hentzen;  Crfd  =  Crawford;  Sprit  =  Spraylat;  UNIC  =  Unichem  Coating  Co;  DFi  =  Daniels  Frost 
Inc 

NOTES:  n/a  -  not  applicable  or  info  not  provided. 

NOTES:  ASR  ~  air  supplied  respirator,  HMR  half  mask  respirator 

NOTES:  for  the  Air  Force,  all  equipment  under  airless  is  actually  air  assisted  airless 

NOTES:  for  tire  USMC,  all  fillratioii  equipment  available  for  components  only 
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LOW  VOC  CARC  STRIPPING  and  DISPOSAL 


INTRODUCTION 

The  Strategic  Environmental  Research  and  Development  Program  (SERDP)  funded  a  tri- 
service  effort  to  develop  a  low  Volatile  Organic  Compound  (VOC)  Chemical  Agent 
Resistant  Coating  (CARC)  system  for  use  on  Army,  Marine  Corps,  and  Air  Force 
systems.  The  overall  objective  of  this  project  was  to  develop  a  SERDP  Low  VOC  CARC 
system  suitable  for  use  on  military  equipment  by  all  services,  in  which  the  materials  and 
processes  for  the  reformulation,  application,  stripping  and  disposal  are  optimized  and  in 
compliance  with  the  current  and  anticipated  regulatory  requirements.  The  primary 
objective  was  to  reduce  the  VOC  of  the  polyurethane  topcoat  from  3.51b/gal  to  l.Slb/gal. 
A  secondary  objective  was  to  eliminate  the  hazardous  air  pollutants  (HAPs)  and  toxic 
solvents  used  in  the  current  topcoat  formulation.  The  secondary  objective  was  to  develop 
a  “drop  in”  low  VOC  replacement  for  the  current  CARC  material.  New  application  and 
removal  processes  and  equipment  were  to  be  minimized  as  much  as  possible. 

The  technical  effort  has  been  divided  into  three  phases  consisting  of  formulation, 
application,  and  removal  with  each  agency  overseeing  one  of  the  phases.  The  Army 
Research  Laboratory  (ARL)  conducted  the  formulation  efforts;  Naval  Surface  Warfare 
Center,  Carderock  Division  (NSWCCD)  the  application  studies;  and  the  Air  Force 
Research  Laboratory  (AFRL)  the  removal  studies. 

In  support  of  the  project,  the  AFRL,  in  conjunction  with  Southwest  Research  Institute 
(SwRI),  initiated  in-house  coatings  stripping,  and  stripping  process  waste  disposal  studies 
task  to  determine  how  existing  processes  should  be  modified  (if  necessary)  to  meet  the 
depaint  requirements  of  each  service.  This  action  was  pursued  in  order  that  a  complete 
CARC  system,  i.e.,  coating  formulation,  application,  and  stripping,  will  be  made 
available  through  the  efforts  of  this  SERDP  project. 

ARL  has  developed  a  low  VOC  formulation  based  on  water-reducible  chemistry  along 
with  polymeric  bead  extenders  that  met  the  VOC  goals  and  exhibited  improved 
mechanical  and  weathering  properties  than  the  current  MIL-C-46168  CARC.  This 
material  was  manufactured  by  Hentzen  Coatings  as  part  of  a  pilot  plant,  quality 
performance  batch. 

Production  depaint  requirements  were  established  in  terms  of  stripping  efficiencies  in 
relation  to  production  throughput,  and  surface  finish  constraints  imposed  for  acceptable 
substrate  conditions  following  CARC  system  removal.  Baseline  testing  of  the  existing 
CARC  system  was  accomplished  to  provide  a  basis  for  comparative  strippability  analysis. 
Both  the  application  and  stripping  studies  utilized  a  full  range  of  substrates,  including 
metallic  and  nonmetallic  (composites)  materials  in  the  test  protocols. 
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EXPERIMENTAL 


Efforts  have  been  completed  to  characterize  typical  depaint  processes  and  requirements 
for  removal  of  the  current  CARC,  or  alternative  systems’  (the  Marine  Corps  does  not  use 
the  same  coating  as  the  Army).  Baseline  information  pertaining  to  depaint  processes  was 
acquired  through  on-site  and  written  surveys  of  Army,  Marine  Corps,  and  Air  Force 
depot  operations.  A  detailed  strippability  test  plan  was  compiled  on  the  basis  of  this 
characterization  that  reflected  those  depaint  processes  identified  through  the  survey 
efforts.  Strippability  testing  was  also  accomplished  in  a  manner  intended  to  replicate  the 
range  of  typical  stripping  processes  used  for  maintenance  operations  involving  use  of 
CARC,  or  equivalent  coatings  systems. 

Depaint  Process  Characterizations 

Various  DoD  maintenance  operations  were  visited  to  obtain  on-site  information 
pertaining  to  the  depaint  processes  used  for  the  current  CARC,  or  alternative  systems 
associated  with  those  operations.  The  selection  of  the  operations  to  visit  was  intended  to 
provide  representative  CARC  depaint  information  for  the  different  DoD  services 
participating  in  this  project.  Baseline  information  pertaining  to  associated  depaint 
requirements,  and  range  of  applications  associated  with  these  operations  was  acquired 
through  these  efforts.  Supplementary  information  was  also  obtained  from  these  sites  by 
use  of  written  questionnaires.  The  specific  sites  visited  and  polled  included  the 
following: 

Anniston  Army  Depot  (ANAD) 

Letterkenny  Army  Depot  (LEAD) 

Tobyhanna  Army  Depot  (TYAD) 

Red  River  Army  Depot  (RRAD) 

Corpus  Christi  Army  Depot  (CCAD) 

Marine  Corps  Logistics  Base  (MCLB),  Maintenance  Center  Albany,  Albany,  GA 
Marine  Corps  Logistics  Base  (MCLB),  Maintenance  Center  Barstow,  Barstow,  CA 
Sacramento  Air  Logistics  Center  (SM-ALC). 

The  on-site  survey  efforts  were  concluded  in  January  1998,  and  efforts  to  obtain 
supplementary  information  via  a  questionnaire  sent  to  these  sites  were  concluded  in  the 
year  1999.  Final  results  derived  through  this  survey  are  given  in  Appendix  A. 

Strippability  Test  Plan 

Information  derived  through  the  Depaint  Process  Characterizations  phase  of  this  study 
provided  the  basis  for  development  of  a  CARC  Strippability  Test  Plan.  The  test  plan 
included  considerations  for  testing  of  the  coatings  systems  currently  used  as  CARC,  the 
SERDP  Low  VOC  CARC  formulation,  typical  primers  associated  with  different 


’  The  Water  Borne  Camouflage  Coating  (WBCC)  is  used  by  the  Marine  Corps  Logistics  Directorate  (MIL- 
C-29475)  instead  of  MIL-C-46168D.  This  coating  meets  local  environmental  regulations,  but  is  not  an 
approved  CARC. 
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combinations  of  substrate  materials,  varying  degrees  of  substrate  sensitivity  to  damage 
produced  by  a  stripping  process,  and  possible  variations  of  strippability  due  to  aging 
conditions.  The  test  plan  also  includes  on-site  testing  of  typical  abrasive  blast  depaint 
processes,  testing  of  a  commercially  available  ablative  process,  and  laboratory  tests  of 
chemical  stripping  processes  typically  used  for  stripping  of  small  parts. 

The  test  plan  was  designed  to  derive  sufficient  data  to  determine  any  necessity  for 
modification,  or  replacement  of  any  of  the  current  stripping  processes  identified  by  this 
study.  This  was  to  be  accomplished  through  evaluations  of  only  significant 
representative  materials  and  stripping  processes,  not  every  possible  variable  combination. 
The  inability  of  various  sites  surveyed  to  define  a  quantifiable  production  requirement 
prompted  the  concept  of  concurrent  testing  of  the  new  SERDP  Low  VOC  CARC  along 
with  current  CARC  systems  at  different  sites  or  operations,  using  the  actual  stripping 
processes  of  those  operations  to  provide  baseline  data  for  comparison. 

The  selection  of  substrate  and  other  test  materials  (Appendix  B)  was  made  through 
common  consent  of  the  DoD  representatives  comprising  the  work  group  for  this  SERDP 
funded  project.  The  specific  site,  and/or  stripping  process  evaluations  were  selected  to 
avoid  redundant  testing.  This  approach  assumes  that  a  stripping  process  used  at  more 
than  one  operation  will  not  exhibit  fundamental  changes  from  site-to-site  even  when 
tested  at  a  single  site.  This  was  considered  reasonable  since  this  effort  is  designed  to 
identify  fairly  gross  strippability  changes,  or  production  impacts,  and  slight  variations 
between  different  operations  would  not  be  considered  significant.  In  addition,  by  group 
consensus,  depaint  processes  that  are  seldom  used,  or  comprise  a  very  low  use  rate  in 
relation  to  overall  workload  were  not  included  into  considerations  for  assessment. 

Original  planning  also  included  considerations  for  any  materials  testing  to  qualify  any 
new  or  modified  depaint  processes.  This  was  considered  prudent  since  it  was  very 
possible  that  a  coating  that  was  tougher  to  remove,  might  require  a  more  aggressive 
depaint  process.  In  turn,  if  a  more  aggressive  process  were  to  be  used  to  maintain 
production  requirements,  this  process  would  have  to  be  demonstrated  to  be  safe  to  use, 
dependent  on  the  substrate.  This  concern  holds  especially  true  with  more  damage 
sensitive  materials,  such  as  the  thinner  aluminum  alloys  and  composite  materials, 
common  to  aerospace  construction. 

Other  data  acquired  in  accordance  with  the  test  plan  as  an  effort  to  ensure  quality  control, 
and  coating  systems  integrity  included  dry  film  thickness  measurements  during  test 
material  preparations.  Additional  data,  which  was  outside  of  the  Formal  Test  Plan,  were 
developed  for  two  pulsed  NdrYAG  laser  stripping  systems  since  these  processes 
represent  emerging  depaint  technology  that  was  considered  to  be  of  general  interest.  As 
such,  these  assessments  were  considered  informative  only,  and  had  no  significant  bearing 
on  overall  project  results. 

CARC  Strippability  Test  Materials  and  Preparations 

Strippability  assessment  substrate  materials  included: 
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2024-T3  bare  alloy,  0.063  inch  and  0.032  inch  (used  with  assessments  of  less 
aggressive  depaint  processes) 

1010  alloy  steel,  0.063  inch 

fiberglass/epoxy,  8  ply  (0/90  weave),  0.062  inch,  per  MIL-I-24768/27  GEE-F 
Material  preparations  included: 

Aluminum  surface  preparations  and  chromate  conversion  treatment  in  accordance 
with  (lAW)  Air  Force  T.O.  1-1-8, 

Steel  surface  preparations  with  Zinc  phosphate  pre-treatment  lAW  TT-C  490 

Fiberglass  test  panels  were  prepared  lAW  T.O.  1-1-24 

Primers  and  Topcoats  were  appUed  LAW  the  applicable  MIL-SPECS. 

Coatings  used  for  strippability  assessments  included: 

Primer,  MIL-P-53022  (used  on  steel  and  aluminum  substrate) 

Primer,  MIL-P-23377,  Type  1,  Class  C  (used  on  aluminum  substrate  only) 
Topcoat,  MIL-C-46168D  CARC  383  Green,  Color  #  34094  (baseline/current 
CARC) 

Topcoat  MIL-C-29475  Water  Borne  Camouflage  Coating  (WBCC)  383  Green, 
Color  #,  (basehne  Marine  Corps  topcoat) 

Topcoat,  SERDP  SERDP  Low  VOC  CARC  -  Light  Grey,  Color  #  36251 
Topcoat,  SERDP  SERDP  Low  VOC  CARC  -  383  Green,  Color  #  34094 

Materials  conditioning  was  applied  to  either  simulate  natural  aging,  or  accelerated 
coatings  curing.  Natural  aging  was  simulated  by  cyclic  exposure  to  UV  light,  followed 
by  a  water  condensate  period  (UV/CON).  This  cycle  was  8  hours  of  UV  +  4  horns  of 
condensate,  and  was  repeated  for  a  total  of  40  complete  cycles.  The  UV/CON  conditions 
were  as  follows: 

UV  exposure  @  70°  C 
Condensate  exposure  @  50°  C 

UV  exposure  will  be  with  UVB  313  bulbs  at  an  irradiance  of  0.63  W/m^,  or  UVA 
340  bulbs^  at  an  irradiance  of  0.72  W/m^. 

Accelerated  coatings  curing/aging  by  oven  has  been  used  by  the  Air  Force  for  several 
years  for  conditioning  strippability  test  materials,  and  it  is  also  similar  to  practices 
sometimes  followed  in  maintenance  operations  to  accelerate  production  throughput  for 
painted  materials.  The  oven  aging  used  for  this  project  consisted  of  exposure  at  for  96 
hours  at  210°  F. 


^  UVA  bulb  exposure  was  added  to  the  test  matrix  as  another  method  of  simulated  aging  at  the  request  of 
the  Army  Research  Laboratory  (ARL).  ARL  expressed  some  concern  that  the  UVB  bulb  exposure  could  be 
too  harsh,  thereby  possibly  skewing  the  strippability  data. 
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Note:  All  test  materials  were  given  a  minimum  of  7  days  cure  at  room  temperature 
(75+5"  F)  prior  to  any  other  conditioning. 

CARC  Strippabilitv  Assessments  of  Standard  Blast  Processes 

The  dry  media  blast  (DMB)  strippability  assessments  were  conducted  with  various 
depaint  processes  at  the  following  sites: 


Maintenance  Site 
Anniston  AD 
Letterkenny  AD 
Tobyhanna  AD 
Corpus  Christi  AD 
MCLB  Albany 
Ogden  ALC^ 


Depaint  Process 
Stainless  Steel  Blast 
Walnut  Hull  Media  Blast 
Zirconia  Alumina  Abrasive  Blast 
Wheat  Starch  Media  Blast 

Garnet  Media  Blast  and  Type  IE  Plastic  Media  Blast  (PMB) 
Type  V  PMB. 


All  blast  depaint  processes  were  assessed  in  typical  production  modes,  i.e.,  blast 
processes  were  applied  manually  and  with  process  parameters  typical  for  that  specific 
depaint  operation.  Nozzle  standoff  distances  and  blast  impingement  angles  are 
approximate,  and  varied  somewhat  through  operator  response  to  stripping  effectiveness  at 
the  time  of  the  assessment.  Strip  rates  were  calculated  through  measuring  the  area 
stripped  completely,  for  the  elapsed  time  for  the  stripping.  Irregular  stripped  areas  had  4- 
6  measurements  made  in  a  given  direction,  and  the  average  of  these  dimensions  were 
used  to  calculate  area.  Elapsed  time  was  measured  with  a  stopwatch  and  recorded  to  the 
nearest  0, 1  second. 


Strippabilitv  Process  Parameters 

The  process  parameters  for  each  of  blast  processes,  and  the  chronological  order  that 
strippability  assessments  were  conducted  are  as  follows: 

Walnut  Hull  -  Blast  Pressure  =  70  psi 

Standoff  Distance  of  8  -  12  inches 
Blast  Impingement  Angle  of  60°  -  80° 

Media  Size  =  20  Mesh 

Nozzle  - 1/2  inch  Diameter  Standard  Venturi 

Zirconia  Alumina  -  Blast  Pressure  =  90  psi 

Standoff  Distance  of  4  -  6  inches 

Blast  Impingement  Angle  of  approximately  90° 

Media  Size  =  Fine 


^  A  portion  of  the  workload  identified  at  SM-ALC  was  transitioned  to  Ogden  ALC  (OO-ALC)  during  the 
course  of  this  study,  which  necessitated  conducting  assessments  with  the  depaint  process  used  by  OO-ALC. 
OO-ALC  also  represented  an  opportunity  to  conduct  assessments  with  a  Type  V  PMB  depaint  process. 
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Nozzle '  3/16  inch  Diameter  Standard  Venturi 

Type  n  PMB  -  Blast  Pressure  =  90  psi 

Standoff  Distance  of  18  -  20  inches 
Blast  Impingement  Angle  of  60“  ~  80° 

Media  Size  =16-20  mesh 

Nozzle  - 1/2  inch  Diameter  Standard  Venturi 

Garnet  Abrasive  -  Blast  Pressure  =  80  psi 

Standoff  Distance  of  36  -  40  inches 
Blast  Impingement  Angle  of  60°  -  80° 

Media  Size  =  30-60  mesh 

Nozzle  - 1/2  inch  Diameter  Standard  Venturi 


Stainless  Steel  Shot  -  Blast  Pressure  =  80  psi 

Standoff  Distance  of  8  -  12  inches 
Blast  Impingement  Angle  of  60°  -  80° 

Grit  Size  =  50 

Nozzle  - 1/2  inch  Diameter  Standard  Venturi 

Type  V  PMB  -  Blast  Pressure  =  40  psi 

Standoff  Distance  of  18  -  20  inches 
Blast  Impingement  Angle  of  60°  -  80° 

Media  Size  =  20  -  30“^  mesh 

Nozzle  -  1/2  inch  Diameter  Standard  Venturi 


Wheat  Starch  -  Blast  Pressure  =  35  psi 

Standoff  Distance  0^2-18  inches 

Blast  Impingement  Angle  of  approximately  60° 

Media  Size  =  20-30  mesh^ 

Nozzle  -  1/2  inch  Diameter  Standard  Venturi. 


CARC  Strippability  with  Chemical  Depaint  Processes 

Although  the  original  intent  and  scope  of  this  SERDP  project  was  focused  on  evaluating 
stripping  processes  other  than  chemical  stripping,  it  was  determined  at  the  end  of  the 
Depaint  Process  Characterization  phase  that  there  is  a  significant  level  of  CARC  stripping 
by  chemical  agents.  This  type  of  stripping  process  is  used  primarily  for  smaller  parts, 
and/or  parts  that  have  been  removed  from  a  larger  part  (vehicle,  aircraft,  etc.)  during  the 
maintenance  process. 


OO-ALC  uses  the  20  -  30  mesh  media  for  replenishment,  and  sizing  screens  are  used  to  maintain  a  20  - 
50  mesh  distribution  of  the  working  media. 

^  A  majority  of  media  size  is  maintained  at  a  range  of  30  -  90  mesh  through  special  sizing  screens  in-line 
with  the  media  reclamation  system  incorporated  into  the  blast  facility.  The  20  -  30  mesh  distribution 
represents  the  virgin,  or  make-up  media,  mesh  distribution. 
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To  this  end  laboratory  testing  of  representative  chemical  stripping  processes  were  added 
to  the  CARC  Strippability  Test  Plan.  The  processes  and  associated  substrate  materials 
for  evaluation  were  based  on  current  methods  used  by  the  various  maintenance  operations 
surveyed.  A  small-scale  laboratory  replication  of  production  chemical  stripping 
processes  was  considered  a  simpler,  more  reliable  approach  to  this  testing,  and  was 
included  in  the  test  plan  in  this  fashion.  Parameters  for  the  chemical  stripping  processes 
were  supplied  by  maintenance  operations  involved  in  the  initial  survey  efforts. 

Process  parameters  were  replicated  in  a  laboratory  environment,  and  a  qualitative 
assessments  of  each  chemical  stripping  process  was  conducted.  The  procedures  used  for 
these  tests  are  presented  below.  The  chemical  stripping  processes,  and  the  maintenance 
operations  using  these  processes  identified  by  this  study,  are  given  in  Table  1,  Appendix 
D. 

Chemical  Depaint  Process  Testing  Procedures 

In  general  the  chemical  strippability  testing  procedures  consisted  of  the  immersion  of  test 
specimens,  prepared  as  noted  in  Appendix  D,  into  a  bath  of  a  chemical  stripper.  The 
temperature  of  the  immersion  bath  was  controlled  during  the  dwell  period,  except  as 
noted,  by  placing  the  beaker  containing  the  chemical  stripper  in  an  explosion  proof, 
temperature  controlled  oven.  Temperatures  for  these  tests  were  maintained  per 
parameters  supplied  by  the  individual  maintenance  operations.  The  ambient  temperature 
testing  was  conducted  in  an  area  for  which  the  measured  temperature  was  26  °  C  (78  °  F). 
The  test  area  on  the  individual  test  panels  was  =15  cm^  (6  in^).  Panel  edges  were 
masked  with  pressure  sensitive  aluminum  backed  tape  to  prevent  chemical  intrusion  in  an 
effort  to  mitigate  any  edge  effects  that  would  tend  to  artificially  enhance  strippability. 

CARC  Strippability  Assessments  of  Applied  Light  Energy  Processes 

CARC  strippability  assessments  were  conducted  with  several  applied  light  energy  paint 

TM 

Stripping  processes.  One  of  the  three  processes,  the  Boeing  FlashJet  system,  is  a  newer 
technology  that  will  be  used  at  several  DoD  maintenance  operations  in  the  very  near 
future.  FlashJet™  uses  high  power  xenon  (UV  light)  pulses  to  ablate  the  coating  system. 
The  FlashJet™  process  is  applied  concurrently  with  a  “scrubbing”  of  the  coating  residue 
by  a  CO2  pellet  blasting  system.  The  CO2  blast  also  provides  cooling  of  the  substrate. 

The  primary  use  project  for  this  process  is  on  composite  materials.  For  that  reason  the 
evaluations  made  with  the  FlashJet  process  were  conducted  with  fiberglass  test 
materials  only. 

The  FlashJet™  process  parameters  that  were  observed  during  assessments  with  this 
process  are  as  follows; 

Flash  Head  Traverse  Rate  -  0.9  in/sec 
Input  -  2300  volts 
Flash  Rate  -  3.6  Hz 

Standoff  -  2.2  inches  measured  from  lens  assembly. 
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The  other  two  processes  are  based  on  pulsed  Nd:YAG  laser,  which  emits  radiation  in  the 
infrared  light  range.  The  processes  differ  in  the  method  by  which  coatings  removal  is 
accomplished.  The  laser  system  produced  by  General  Lasertronics  Corporation  (GLC)  is 
designed  to  ablate  the  coating  system.  The  other  laser  system,  which  is  produced  by 
Craig  Walters  Associates  (CWA)  relies  on  laser  shock.  These  different  effects  are 
achieved  through  different  combinations  of  power,  pulse  duration,  and  pulse  frequency. 

The  General  Lasertronics  Corporation  (GLC)  Laser  Coating  Remover  as  used  for  this 
project  is  a  controlled  tool  for  removal  of  coatings  and  finishes  from  the  external  surfaces 
of  aircraft.  The  semi-automated  system  selectively  removes  coating/finish  layers  using 
energy  pulses  from  a  Q-switched,  solid-state  laser.  The  laser  is  a  Neodymium-doped, 
Yttrium  Aluminum  Garnet  (Nd:  YAG),  so  the  wavelength  of  the  pulse  light  energy  is 
appropriate  for  transmission  along  an  optical  fiber.  The  laser  light  pulses  were 
transmitted  to  a  lightweight,  hand-held  end  effector  through  flexible  optical  fiber.  The 
laser  pulse  width  was  approximately  130  nanoseconds  (ns)  and  the  laser  wavelength  was 
1064  nanometers  (nm).  The  fluence  used  in  the  tests  was  3. 1  J/cm^  per  pulse  and  the 
average  laser  power  employed  was  100  W. 

The  CARC  test  panels  stripped  by  the  CWA  system  used  a  recently  developed  handheld 
tool,  which  delivers  pulsed  Nd;YAG  laser  beams  from  a  40-foot  umbilical  cable  to  a 
work  surface.  Three  separate  laser  beams  impinged  the  work  piece  simultaneously,  each 
over  a  4-mm  diameter  circle.  The  three  circular  irradiance  areas  are  automatically 
scanned  transversely  to  the  stripping  path,  which  is  formed  as  the  operator  draws  the  tool 
along  the  work  piece  surface.  Several  passes  on  a  single  area  shaped  the  stripped  areas 
on  the  CARC  panels.  The  fluence  used  in  the  tests  was  1.5  J/cm^  per  pulse.  The  pulse 
repetition  rate  was  12  Hz  and  the  average  laser  power  employed  was  6.9  W.  The  laser 
pulse  width  was  <20  ns  and  the  laser  wavelength  was  1064  nm. 

RESXJLTS 

Depaint  Process  Characterization  Results 

Maintenance  operations  representing  each  branch  of  the  DoD  involved  in  this  effort  were 
visited,  from  September  1997  through  January  1998.  Much  of  the  information  necessary 
to  develop  comprehensive  documentation  of  CARC,  or  an  equivalent  coating  system, 
stripping  was  obtained.  These  visits  established  the  basis  for  on-going  relations  with 
each  of  the  participants,  and  each  of  these  facilities  has  given  verbal  approval  for  return 
visits.  Future  visits  were  anticipated  to  accomplish  the  milestones  of  this  project,  such  as 
field-testing  and  process  integration.  A  S3mopsis  of  the  findings  relative  to  each  site 
visited  are  given  below.  Appendix  A  contains  charts  summarizing  all  of  the  findings 
obtained  in  this  effort. 
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Anniston  Army  Depot 


Anniston  was  visited  September  1997.  This  visit  obtained  on-site  information,  and 
identified  Mr.  Steve  Guthrie  as  the  point  of  contact  for  CARC  issues.  The  current  CARC 
stripping  requirements  associated  with  this  depot  involve  CARC  removal  for  overhaul, 
repair,  and  inspection  of  vehicle  and  artillery  eomponents. 

Aimiston  has  previously  conducted  technical  studies  to  support  selection  of  more  durable 
dry  media  for  use  in  CARC  depainting  efforts.  This  study  specifically  compared  the 
results  of  mineral  based  dry  media  to  that  of  steel  shot.  The  survey  of  current  CARC 
removal  needs  versus  future  needs  for  Anniston  identified  the  continued  concern  of 
disposal  of  associated  hazardous  waste  products.  Anticipated  increases  of  workload 
produced  by  base  realignments  make  this  concern  more  significant,  since  the  volume  of 
the  waste  stream  would  be  expected  to  increase  proportionally. 

The  request  to  identify  current  and  future  production  requirements  was  cited  as  not  being 
readily  quantifiable.  Current  and  future  environmental  concerns  for  the  Anniston  Army 
Depot  continue  to  concentrate  on  hazardous  waste  disposal  of  dry  media. 

Marine  Corps  Logistics  Base,  Albany.  GA 

A  visit  to  the  Marine  Corps  Lx)gistics  Base,  Albany,  GA  was  conducted  in  October  1997. 
This  visit  obtained  on-site  information,  and  identified  Mr.  Ron  Vargo  as  the  point  of 
contact  for  CARC  (MBL-C-29475)  stripping  issues.  The  current  CARC  stripping 
requirements  for  this  maintenance  center  involve  the  removal  of  coatings  systems  for 
overhaul,  repair,  and  inspection  of  heavy  equipment  components. 

The  survey  of  Albany’s  current  CARC  removal  needs  versus  future  needs  identified  the 
need  for  a  chemical  stripper  to  remove  CARC  from  parts  that  can  not  be  abrasively 
blasted.  To  this  end,  Albany  has  previously  conducted  studies  to  assess  replacing 
methylene  chloride  stripping  processes  with  environmentally  compliant  chemical 
strippers.  High-pressure  water  blasting  as  an  alternative  to  dry  media  blasting  has  been 
evaluated  by  Albany  with  favorable  results,  but  no  implementation  of  such  a  process  has 
been  initiated.  Current  and  future  environmental  concerns  were  identified  as  a  continuing 
need  for  the  recycling  of  depaint  process  waste  products,  waste  stream  reduction,  cost 
reductions  associated  with  disposal  issues,  and  a  prerequisite  that  acceptable  stripping 
processes  must  minimize  the  potential  for  release  of  hazardous  waste  products. 

Tobvhanna  Army  Depot 

The  visit  to  Tobyhanna  Army  Depot  was  conducted  in  November  1997.  This  visit 
obtained  on-site  information,  and  identified  Mr.  Ron  Scamulis  as  the  point  of  contact  for 
CARC  issues.  The  current  CARC  stripping  requirements  involve  the  removal  of  CARC 
from  various  types  of  electronic  equipment  for  overhaul,  repair,  and  inspection.  These 
components  contain  substrate  materials  ranging  from  fiberglass  to  heavy  steel  structures. 
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The  primary  stripping  methods  identified  for  CARC  removal  are  dry  media  stripping  and 
chemical  baths. 

Tobyhanna  identified  no  previous  technical  efforts  directed  towards  evaluation  of  CARC 
depaint  processes.  The  Tobyhanna  survey  of  current  CARC  removal  needs  versus  future 
needs  identified  a  requirement  that  integration  of  the  SERDP  Low  VOC  CARC  will 
provide  effective,  economical  CARC  removal  methods  for  thin  skinned  substrates  while 
generating  minimal  hazardous  waste  products.  Current  and  future  production 
requirements  were  cited  as  not  being  readily  quantifiable. 

Letterkennv  Army  Depot 

The  visit  to  Letterkenny  Army  Depot  was  conducted  in  November  1997.  This  visit 
obtained  on-site  information,  and  identified  Mr.  Dennis  Reed  as  the  point  of  contact  for 
CARC  issues.  The  current  CARC  stripping  requirements  associated  with  this  depot 
involve  the  removal  of  CARC  for  overhaul,  repair,  and  inspection  of  heavy  equipment 
and  missile  components.  It  was  determined  that  the  primary  method  of  CARC  stripping 
is  dry  media  blasting,  and  these  processes  are  augmented  by  chemical  stripping  on  a 
smaller  scale. 

Marine  Corps  Logistics  Base.  Barstow.  CA 

A  visit  to  Marine  Corps  Logistics  Base,  Barstow,  CA  was  made  in  November  1997.  This 
visit  obtained  on-site  information,  and  identified  Mr.  Leonard  Jimenez  as  the  point  of 
contact  for  coatings  stripping  issues^.  Mr.  Jimenez  has  since  been  replaced  by  Mr.  A. 
Schnurr. 

The  current  stripping  requirements  are  for  coatings  removal  for  overhaul,  repair,  and 
inspection  of  heavy  equipment  components.  Other  stripping  work  for  various  operations 
is  done  by  request,  which  may  add  some  unforeseeable  variances  to  the  workload,  current 
acceptance  criteria,  and  the  stripping  processes  used  since  this  may  be  governed  by 
customer  requirements. 

Barstow  has  previously  conducted  technical  studies  involving  process  containment, 
which  concentrated  on  the  reduction  of  air  emissions.  Barstow  also  indicated  that  the  area 
the  depot  is  located  within  has  a  very  low  tolerance  to  any  possible  source  of  pollution  to 
the  water  supply.  This  was  given  as  the  reason  no  significant  considerations  have  been 
given  to  water  blast  technology  for  CARC,  and  would  restrict  such  technology  for 
considerations  as  an  alternative  stripping  process  for  this  operation.  There  are  no  changes 
anticipated  of  current  coatings  removal  workload  versus  future  coatings  removal 
workload  through  any  addition  or  reduction  of  work  due  to  base  realignments. 

The  request  to  identify  current  and  future  production  requirements  was  cited  as  not  being 
readily  quantifiable.  Current  and  future  environmental  concerns  for  this  mmntenance 


^  MIL-C- 29475  is  used  to  comply  with  local  environmental  regulations  for  the  Navy/Marine  Corps  depots 
chemical  agent  resistance  requirements. 
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operation  continue  to  concentrate  on  maintaining  compliance  with  stringent  California 
State  EPA  requirements. 

Sacramento  Air  Logistics  Center  tSM-ALC) 

SM-ALC  was  visited  in  December  1997,  and  the  point  of  contact  at  that  time  was  Mr.  Ed 
White.  Due  to  changes  in  staff  associated  with  base  realignments  and  restmcturing 
within  the  ALC,  Mr.  White  is  no  longer  available  for  this  effort,  and  no  alternate  has  been 
identified.  It  is  also  anticipated  that  most  of  the  maintenance  work  done  at  SM-ALC  that 
might  involve  a  CARC  requirement  is  to  be  transitioned  to  other  maintenance  operations 
that  perform  similar  maintenance  functions.  Efforts  are  being  made  to  ascertain  the  status 
of  the  transition  of  this  workload. 

The  only  applications  identified  by  SM-ALC  that  have  any  possible  CARC  requirements 
are  associated  with  maintenance  activities  for  vans  and  shelter  components  used  with 
ground  radar.  SM-ALC  identified  no  previous  technical  efforts  specifically  for  the 
development  for  CARC  depaint  processes.  Tobyhauna  Army  Depot,  which  has  been 
identified  as  the  operation  likely  to  receive  the  bulk  of  the  transitioned  workload,  has 
indicated  that  it  will  use  the  depaint  process  specified  by  the  AF  System  Directorate 
responsible  for  these  products.  The  primary  stripping  process  used  by  SM-ALC  for  this 
application  is  dry  abrasive  blasting  with  Type  II  plastic  media,  and  it  is  assumed  that  this 
will  continue  to  be  the  depaint  process  used  by  any  operations  assuming  responsibility  for 
these  applications. 

Red  River  Army  Depot 

The  visit  to  Red  River  Army  Depot  was  conducted  in  December  1997.  This  visit 
obtained  on-site  information,  and  identified  Mr.  Mike  Starkes  as  the  point  of  contact  for 
CARC  issues.  The  primary  CARC  stripping  requirements  for  this  depot  involve  the 
removal  of  CARC  for  overhaul,  repair,  and  inspection  of  the  Bradley  Fighting  vehicle 
and  associated  components. 

The  survey  of  Red  River’s  current  CARC  removal  needs  versus  potential  for  future  needs 
identified  the  continued  concern  for  disposal  of  hazardous  wastes.  Like  other 
maintenance  operations  participating  in  this  survey  effort.  Red  River  would  be  very 
reluctant  to  accept  any  modifications  of  depaint  processes  that  could  produce  any 
increase  of  hazardous  waste  products. 

The  request  to  identify  current  and  future  production  requirements  identified  a  slight 
reduction,  from  95  to  75  man-hours/shift,  in  aluminum  substrate  workload  while  steel 
substrate  workload  is  projected  to  remain  a  constant  5  man-hours/shift.  Strippability 
testing  results  of  baseline  (current  CARC,  or  equivalent)  versus  the  SERDP  Low  VOC 
CARC  will  be  used  to  determine  any  impacts  on  these  requirements. 
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Other  environmental  concerns  expressed  by  Red  River  Army  Depot  for  now  and  the 
immediate  future  regard  EPA  mandated  reductions  in  hexavalent  chromium  exposure, 
which  will  impact  cleaning  processes  used  at  the  Depot. 

Corpus  Christi  Army  Depot 

A  visit  to  Corpus  Christi  Army  Depot  was  conducted  in  January  1998.  This  visit 
obtained  on-site  information,  and  identified  Mr.  Ed  Cooper  as  the  point  of  contact  for 
CARC  issues.  The  CARC  stripping  requirements  associated  with  Corpus  Christi  involve 
the  removal  for  overhaul,  repair,  and  inspection  of  helicopter  airframes  and  components. 

Corpus  Christi  has  conducted  technical  studies  to  reduce  the  utilization  of  hazardous 
chemicals  for  coatings  stripping,  which  include  CARC  systems.  These  studies  included 
reviews  of  wheat  starch  blasting,  plastic  media  blasting,  laser  removal,  flash  lamp,  carbon 
dioxide  blasting,  ice  crystal  blasting,  and  water  blasting.  To  date.  Corpus  Christi  has 
successfully  implemented  a  wheat  starch  media  blasting  facility  to  use  with  more  damage 
sensitive  components/substrate  materials.  Other  dry  media  blasting  (DMB),  such  as  Type 
V  plastic  media  is  also  used  for  applications  that  are  not  as  sensitive. 

The  Corpus  Christi  survey  of  current  CARC  removal  needs  and  future  needs  identified  a 
requirement  to  improve  design  deficiencies  of  their  existing  media  facilities  to  match 
throughput  requirements.  These  facilities  have  been  given  funding  for  a  refurbishment 
project,  and  are  currently  being  repaired/upgraded.  This  may  dictate  changes  in  the 
strippability  testing  associated  with  this  maintenance  operation,  but  this  has  not  been 
determined  at  this  time. 

The  request  to  identify  current  and  future  production  requirements  were  provided  as; 
FY98  estimates  ~4358  hours  based  on  40  hour  week  for  3  men  and  69  aircraft,  FY99  and 
future  not  known.  On-site  testing  will  be  conducted  to  compare  current  process(es) 
stripping  efficiencies  for  current  CARC  and  SERDP  Low  VOC  CARC. 

Current  and  future  environmental  concerns  for  the  Corpus  Christi  Army  Depot  continue 
to  concentrate  on  the  elimination  of  the  use  of  methylene  chloride  for  stripping,  disposal 
of  wheat  starch,  and  other  spent  dry  blast  media  containing  chromated  materials  from  the 
primer  component  of  the  CARC  system.  Evaluations  of  an  ablative  depaint  process 
utilizing  high  energy  flashes  of  UV  light  have  been  initiated  as  a  possible  means  to 
achieve  these  goals. 

CARC  StriDpability  with  Standard  Blast  Processes 

Assessments  were  conducted  to  establish  strippability  comparisons  of  the  SERDP  Low 
VOC  CARC  to  cmrent  coating  systems.  The  baseline  coatings  were  considered  to  be 
either  the  current  CARC,  MIL-C-46168,  or  the  Marine  Corps  equivalent,  MIL-C-29475 
used  with  either  MIL-P-23022  or  MIL-P-23377  primers.  Strippability  data  were 
developed  with  different  combinations  of  topcoat,  substrate,  primer,  aging  conditions, 
and  to  a  limited  extent  topcoat  color  per  the  Project  Test  Plan  (Appendix  B).  All  DMB 
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strippability  data,  with  associated  graphical  presentations,  acquired  in  this  effort  are  given 
in  Appendix  C.  The  graphical  presentations  represent  a  mean  strip  rate  value,  i.e.,  area  of 
coating  system  removed  per  unit  time  (ftVmin),  for  specific  combinations  of  primer, 
topcoat,  and  substrate.  The  strip  rate  data  for  different  aging  conditions  were  included  in 
the  mean  value  for  a  given  combination.  Individual  data  points  may  be  seen  in  the 
tabulated  data. 

Walnut  Hull  Abrasive  Blasting 

The  strippability  data  in  tabulated  and  graphical  formats  for  this  process  are  found  in 
Table  1,  and  Figures  1  through  3,  Appendix  C. 

A  comparison  of  the  stippability  data  (Table  1)  for  oven  cured  test  materials  versus 
UV/CON  conditioned  test  materials  indicates  that  the  oven  cured  coating  systems  were 
generally  tougher  to  remove  than  UV/CON  materials  with  this  DMB  process.  This  is 
based  on  the  observation  that  the  strip  rate  data  for  the  oven  cured  materials  is  lower  for  6 
of  the  9  data  sets  (specific  combinations  of  substrate+primer+topcoat).  At  the  same  time 
it  appears  that  there  is  little  difference  between  the  strippability  data  for  either  of  the 
UV/CON. 

As  may  be  seen  in  the  data  plotted  in  Figure  1,  the  SERDP  Low  VOC  CARC  is  stripped 
more  easily  than  both  the  current  CARC  (MIL-C'46168),  and  the  WBCC  (MIL-C- 
29475),  with  MIL-P-23377  primer  on  aluminum  substrate.  From  Figure  2  it  may  be 
observed  that,  while  the  differences  are  relatively  small,  SERDP  Low  VOC  CARC 
strippability  is  not  as  good  on  steel  substrate  with  the  combination  of  MIL-53022  primer 
and  the  two  baseline  topcoats. 

Figure  3  shows  that  stripping  of  the  topcoat  only,  of  the  SERDP  Low  VOC  CARC  is 
better  than  the  old  CARC,  but  the  difference  is  not  real  large.  However,  the  strippability 
of  the  WBBC  over  MIL-P-53022  on  the  aluminum  substrate  is  much  greater  than  that  of 
the  SERDP  Low  VOC  CARC. 

It  should  be  noted  that  in  all  instances  of  this  data  set  (WBCC/MIL-P-53022)  the  mean 
strip  rates  used  for  comparison  are  for  the  topcoat  only.  Letterkenny  production 
engineering  support  indicated  that  this  condition  would  be  satisfactory,  and  typically  a 
depaint  technician  would  stop  stripping  efforts  at  that  point. 

Zirconia  Alumina  Abrasive  Blasting 

The  strippability  data  in  tabulated  and  graphical  formats  for  this  process  are  found  in 
Table  2,  and  Figures  4  through  6,  Appendix  C. 

A  comparison  of  the  stippability  data  (Table  2)  for  oven  cured  test  materials  versus 
UV/CON  conditioned  test  materials  indicates  that  the  oven  cured  coating  systems  were 
generally  tougher  to  remove  than  UV/CON  materials  with  this  DMB  process.  This  is 
based  on  the  observation  that  the  strip  rate  data  for  the  oven-cured  materials  is  lower  for 


AF14 


the  majority  of  the  9  data  sets  (specific  combinations  of  substrate+primer+topcoat). 

Some  of  the  differences  observed  for  this  comparison  are  not  that  substantial,  and  do  not 
tend  to  make  a  particularly  strong  argument  that  the  oven  aged  materials  are  significantly 
tougher.  The  strippability  data  also  does  not  appear  to  support  any  argument  that  there 
are  significant  differences  between  the  strippability  for  either  t3^e  of  UV/CON 
conditioning. 

Figures  4  and  6,  Appendix  C,  again  indicate  that  the  SERDP  Low  VOC  CARC  is 
generally  easier  to  strip  than  the  baseline  coatings.  An  exception  may  be  seen  in  Figure 
5,  in  that  the  SERDP  Low  VOC  CARC  appears  tougher  to  remove  than  either  baseline 
coating  with  MIL-P-53022  on  aluminum  substrate.  The  difference  illustrated  in  this 
figure  between  the  SERDP  Low  VOC  CARC  and  the  WBCC  is  greater  than  the 
difference  observed  between  new  and  current  CARC. 

Type  n  PMB 

The  strippability  data  in  tabulated  and  graphical  formats  for  this  process  are  found  in 
Table  3,  and  Figures  7  and  8,  Appendix  C.  As  may  be  seen  in  Figures  7  and  8  some 
strippability  comparisons  were  made  between  SERDP  Low  VOC  CARC  colors  (Grey 
and  Green).  All  data  for  this  process  were  developed  with  aluminum  substrate  materials 
since  this  process  is  typically  not  cost  effective  for  use  on  steel  substrate. 

A  comparison  of  the  stippability  data  (Table  3)  for  oven  cured  test  materials  versus 
UV/CON  conditioned  test  materials  indicates  that  the  oven  cured  coating  systems  were 
generally  tougher  to  remove  than  UV/CON  materials  with  this  DMB  process.  This  is 
based  on  the  observation  that  the  strip  rate  data  for  the  oven  cured  materials  was 
determined  to  be  lower  for  6  of  the  9  data  sets  (specific  combinations  of 
substrate+primer+topcoat).  Some  of  the  differences  observed  for  this  comparison  are 
somewhat  greater  than  seen  previously,  and  do  make  a  bit  stronger  argument  for  tougher 
strippability  of  the  oven  aged  materials.  These  strippability  data  do  not  appear  to  support 
any  argument  that  there  are  significant  differences  between  the  strippability  for  either 
type  of  UV/CON  conditioning. 

Strippability  data  for  this  DMB  process  indicate  that  the  SERDP  Low  VOC  CARC  based 
on  ihe  mean  of  the  strippabiUty  data  for  the  two  colors  is  removed  more  easily  than  either 
baseline  system  with  MIL-P-23377  primer.  As  may  be  seen  in  Figure  7,  both  colors  are 
stripped  more  readily  than  either  baseline  system. 

Figure  8  indicates  that  data  for  the  ME^P-53022  primer  exhibits  some  variances  in 
strippability.  The  gray  strips  easier  than  the  WBCC,  but  the  strippability  of  the  AF  gray 
are  nearly  identical  to  the  current  CARC.  In  this  particular  data  set  the  Navy  green 
appears  to  be  the  toughest  of  the  set,  as  opposed  to  the  data  presented  in  Figure  7  showing 
a  better  strip  rate  for  the  green.  The  mean  strip  rate  for  the  two  SERDP  Low  VOC 
CARC  colors  is  slightly  higher  than  the  WBCC,  but  lower  than  the  current  CARC. 
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Garnet  Abrasive  Blasting 


The  strippabiJity  data  in  tabulated  and  graphical  formats  for  this  process  are  found  in 
Table  4,  and  Figures  9  through  11,  Appendix  C. 

A  comparison  of  the  stiippability  data  (Table  4)  for  oven  cured  test  materials  versus 
UV/CON  conditioned  test  materials  does  not  support  any  argument  that  the  oven  cured 
coating  systems  were  tougher  to  remove  than  UV/CON  materials  with  this  DMB  process. 
These  strippability  data  do  not  appear  to  support  any  argument  that  there  are  significant 
differences  between  the  strippability  for  either  type  of  UV/CON  conditioning. 

As  may  be  seen  in  Figure  9,  the  strip  rate  for  the  SERDP  Low  VOC  CARC  is  lower,  i.e. 
reduced  strippability,  than  that  of  the  WBCC  with  MIL-P-53022  on  steel  substrate.  The 
strip  rate  for  the  SERDP  Low  VOC  CARC  is  higher  than  that  for  the  current  CARC. 
Figures  10  and  1 1  indicate  that  the  SERDP  Low  VOC  CARC  strip  rates  are  higher  than 
either  baseline  system  with  both  primers. 


Type  V  PMB 

The  strippability  data  in  tabulated  and  graphical  formats  for  this  process  are  found  in 
Table  5,  and  Figures  12  and  13,  Appendix  C.  As  may  be  seen  in  Figures  12  and  13  some 
strippability  comparisons  were  made  between  SERDP  Low  VOC  CARC  colors  (Grey 
and  Green).  All  data  for  this  process  were  developed  with  aluminum  substrate  materials 
since  this  process  is  typically  used  for  application  on  aluminum  substrate  only. 

The  strippability  data  found  in  Table  5  indicates  fairly  clearly  that  the  oven  cured 
materials  are  tougher  to  strip  than  the  UV/CON  conditioned  materials.  Data  in  this  table 
also  shows  a  very  distinct  difference  in  strippability  between  all  of  the  MIL-P-23377  and 
MIL-P-53022  materials.  The  strip  rates  from  test  materials  based  on  the  MIL-P-53022 
were  lower  by  a  factor  of  2  or  more.  Once  again  there  are  no  appreciable  differences 
seen  in  comparisons  of  UV/CON  strip  rates  for  most  of  the  data  sets. 

Data  presented  by  Figures  12  and  13  are  fairly  consistent  in  that  both  colors  of  the 
SERDP  Low  VOC  CARC  stripped  more  readily  than  either  baseline  system,  but  an 
overall  variance  with  this  DMB  process  was  seen  with  these  data  in  the  strippability 
between  the  SERDP  Low  VOC  CARC  colors.  The  grey  was  easier  to  strip  with  the  MIL- 
P-53022  than  the  green.  The  relationship  is  reversed  with  the  MIL-P-2377  based  test 
materials. 

Stainless  Steel  Shot  Blasting 

The  strippability  data  in  tabulated  cind  graphical  formats  for  this  process  are  found  in 
Table  6,  and  Figures  14  and  15,  Appendix  C. 

A  comparison  of  the  strip  rates  derived  from  oven  conditioned  materials,  which  may  be 
found  in  Table  6,  does  not  give  indication  that  the  UV/CON  conditioned  materials  are 
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easier  to  strip  with  this  process.  In  fact  the  data  compared  over  the  entire  range  is  rather 
close,  and  it  may  be  more  accurate  to  say  there  is  no  significant  differences  seen  between 
any  of  the  aging  processes  with  this  DMB  process. 

Figure  14  depicts  the  strip  rate  data  for  aluminum  test  materials  prepared  with  MIL-P- 
23377.  It  may  be  seen  from  this  figure  that  SERDP  Low  VOC  CARC  strips  faster  than 
the  WBCC,  but  while  very  close  in  strip  rate  to  the  current  CARC,  it  has  a  slightly  lower 
strip  rate. 

Figure  15  presents  data  for  two  data  sets,  which  are  data  from  aluminum  and  steel 
substrate  prepared  with  MIL-P-53022.  Strip  rates  for  the  SERDP  Low  VOC  CARC 
versus  the  current  CARC  are  seen  to  be  higher  for  both  data  sets,  but  this  is  not  true  in  the 
comparison  of  strip  rates  to  the  WBCC  materials.  The  strip  rates  determined  for  the 
WBCC  materials  on  steel  substrate  are  higher  than  those  of  the  SERDP  Low  VOC 
CARC. 

Wheat  Starch  Dry  Media  Blasting 

The  strippability  data  in  tabulated  and  graphical  formats  for  this  process  are  found  in 
Table  7,  and  Figures  16  and  17,  Appendix  C.  Strippability  data  was  not  developed  for 
any  metallic  substrate  materials  since  this  process  is  used  by  CCAD  exclusively  on 
composite  materials.  There  were  no  test  materials  conditioned  by  UV/CON  since  it  was 
believed  that  the  condensate  phase  of  the  cyclic  exposure  could  easily  damage  the 
substrate  material. 

Strip  rate  data  presented  in  Figure  16  shows  that  the  strippability  of  the  SERDP  Low 
VOC  CARC  was  higher  than  seen  with  either  baseline  system  based  on  a  system  with 
MIL'P-23377.  Strip  rate  data  presented  in  Figure  17  for  test  materials  based  on  MIL-P- 
53022  once  again  show  a  slightly  higher  strip  rate  derived  from  the  WBCC  materials 
when  compared  to  the  SERDP  Low  VOC  CARC  test  materials  test  results.  However,  the 
current  CARC  is  seen  to  have  a  lower  strip  rate  than  either  the  WBCC  or  the  SERDP 
Low  VOC  CARC. 

CARC  Strippability  with  Chemical  Depaint  Processes 

Assessments  of  strippability  of  various  combinations  of  substrate,  primer,  topcoat  and 
artificial  aging  were  conducted  on  a  limited  basis  with  chemical  depaint  processes 
identified  as  currently  in  use  at  the  several  DoD  maintenance  operations  surveyed  in  this 
study.  Testing  was  limited  due  to  a  limited  supply  of  test  materials.  In  addition,  several 
of  the  chemical  strippers  are  used  for  either  ferrous  or  non-ferrous  materials,  and  not  both 
materials.  This  effort  was  added  to  the  Test  Plan  late  into  the  project,  and  it  was  decided 
to  conduct  as  much  testing  as  feasible  with  the  materials  avedlable.  All  available  data  has 
been  tabulated,  and  is  presented  in  Appendix  D.  Table  1,  Appendix  D,  lists  the  various 
processes  tested  for  this  study. 

Penetone  NPX  (Methylene  Chloride  Basedl  used  for  All  Metallic  Applications 
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Coating  system  blistering  was  fairly  rapid,  and  tended  to  proceed  as  smaller  blisters 
joining  together  until  the  entire  coating  system  lifted  from  the  substrate.  Complete  strip 
times  associated  with  the  aluminum  panels  primed  with  MIL-P-53022  and  oven  aged  were 
longer  by  5  to  6  times  than  those  seen  with  other  material  combinations  tested  with  this 
chemical  stripper.  This  particular  effect  was  seen  with  all  topcoats.  However,  the  strip 
time  required  for  the  SERDP  Low  VOC  CARC  was  greater  than  that  of  the  WBCC,  while 
less  than  that  required  for  the  current  CARC. 

All  test  results  were  within  the  boundaries  for  acceptable  strip  or  dwell  time,  and  with  the 
exception  of  the  aforementioned  variances,  there  are  little  to  no  differences  in  these  data 
overall.  Test  results/observations  are  summarized  in  Table  2,  Appendix  D. 

Sodium  Hvdroxide/Sodium  Gluconate  Solution  (70:30  by  volume)  used  for  Ferrous 
Materials 


Chemical  reaction  with  all  of  the  coating  systems  with  this  process  was  very  limited. 
None  of  the  test  samples  showed  complete  stripping  within  normal  operational 
boundaries,  but  it  must  be  remembered  that  this  process  is  not  intended  for  coatings 
removal.  It  is  used  for  rust  removal  primarily,  and  any  coatings  removal  is  extra  benefit. 

Most  of  the  data  developed  for  this  process  is  virtually  the  same  with  two  variances  seen 
with  new  SERDP  Low  VOC  CARC  samples  where  approximately  50%  of  the  coating 
system  was  removed  after  the  24  hour  dwell  period.  Both  of  these  samples  were 
UV/CON  conditioned.  All  test  results  are  found  in  Table  3,  Appendix  D. 

Ameratec  APL-220  (1:1  solution  w/H?0)  used  for  Ferrous  Materials 

Stripping  trials  conducted  using  the  specified  solution,  2-hour  dwell,  and  bath 
temperature  cited  for  the  RRAD  process  did  not  produce  any  appreciable  stripping  of  any 
of  the  test  materials.  RRAD  has  given  indications  that  this  process  is  quite  unpredictable, 
and  that  this  result  should  not  be  construed  as  unusual.  RRAD  is  currently  assessing 
alternative  methods.  Test  results  are  summarized  in  Table  4,  Appendix  D. 

Calpon  EZE  -.545  used  for  Non-Ferrous  Materials 

Strippability  characteristics  were  observed  to  be  similar  to  those  of  the  Penetone  NPX. 
This  chemical  stripper  exhibited  significantly  longer  complete  strip  times  (4  to  10  times 
greater)  with  aluminum  materials  primed  MIL-P-53022.  This  effect  is  also  seen  in  one  of 
the  data  sets  based  on  MIL-P-2337  with  oven  aged  test  materials.  Data  from  5  of  the  6 
data  sets  presented  also  indicate  that  the  oven  aged  materials  are  harder  to  strip  than  the 
UV/CON  conditioned  test  materials.  All  test  results  for  this  process  are  summarized  in 
Table  5,  Appendix  D. 
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Turco  6088  Thin 


There  were  two  different  processes  tested  based  on  the  Turco  6088  Thin.  It  is  a  dip  tank 
process  chemical  used  by  both  Tobyhanna  AD  and  Red  River  AD,  but  with  some 
differences  in  the  process  parameters.  The  Red  River  process  parameters  are  intended  to 
produce  satisfactory  stripping  with  a  30-minute  dwell  with  a  bath  temperature  of  140‘T. 
The  Tobyhanna  process  permits  a  longer  dwell  (2  to  4  hours),  but  uses  a  lower  bath 
temperature  (120°F).  Test  results  for  the  Red  River  and  Tobyhanna  processes  are 
tabulated  in  Tables  6  and  7,  Appendix  D,  respectively.  The  test  results  for  both  processes 
are  very  similar.  Stripping  of  the  SERDP  Low  VOC  CARC  is  generally  acceptable  per 
individual  depot  criteria 

There  are  exceptions  to  the  above  general  results  that  are  seen  with  the  Red  River  AD 
process.  These  exceptions  in  one  case  may  not  be  significant,  i.e.,  45  minutes  for  100% 
stripping  versus  the  desired  30  minutes,  but  the  other  instance  resulted  in  stripping  at  3 
hours  versus  the  desired  30  minutes.  In  both  instances  the  test  materials  were  primed 
with  MIL-P-53022.  What  is  more  significant  however,  is  that  the  current  CARC  was  not 
completely  stripped  after  12  hours  of  dwell.  This  effect  is  also  seen  with  the  Tobyhanna 
process  in  combination  with  MIL-P-53022  materials  top-coated  with  MIL-C-46168. 

CARC  Strippabilitv  with  Applied  Light  Energy  Processes 

As  mentioned  previously  the  several  forms  of  applied  light  energy  striping  processes 
assessed  are  currently  in  varying  levels  of  development.  The  Fiashjet  process  is 
production  ready,  and  represents  a  technology  that  will  be  implemented  at  several  DoD 
maintenance  operations,  including  Corpus  Christi  AD.  Since  this  process  will  be  limited 
in  use  at  CCAD  to  composite  materials,  the  test  materials  for  this  process  were  fiberglass 
substrate  only,  with  the  typical  primer/topcoat  combinations. 

It  should  be  noted  that  acceptable  stripping  for  this  process  was  complete  removal  of  the 
topcoat,  with  minimal  primer  removal.  This  is  the  standard  applied  by  CCAD  for 
stripping  applications  of  this  nature.  All  data  acquired  for  this  process  is  tabulated,  and 
also  presented  in  graphical  form  in  Appendix  E. 

Assessments  conducted  with  the  two  laser  based  stripping  processes  were  not  performed 
in  a  production  ready  mode,  and  do  not  represent  technology  that  is  certain  to  be 
implemented  into  DoD  maintenance  operations.  As  seen  in  the  data  (Appendix  E),  the 
strip  rates  are  quite  low  in  comparison  to  production  stripping  processes,  which  is  partly 
due  to  the  small  area  stripped  by  these  processes,  as  well  as  restricted  technical 
development.  Strip  rate  data  developed  for  these  processes  were  acquired  through 
several  (6-12)  discrete  areas  on  individual  test  panels.  Therefore,  the  strip  rate  data 
presented  (Tables  2  and  3,  Appendix  E)  for  these  processes  are  mean  values  derived  from 
these  smaller  areas. 
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FlashJet™  Xenon  Flash  Stripping 


Figures  1  and  2,  Appendix  E,  indicate  that  the  strip  rates  for  this  process  with  all  of  the 
coating  systems  is  at  a  level  that  would  easily  be  considered  productive  by  most 
maintenance  operations  that  involve  these  types  of  materials.  This  is  especially  pertinent 
for  aerospace  applications  since  strip  rate  is  usually  kept  low  to  avoid  potential  substrate 
damage.  However,  the  more  significant  point  to  see  from  these  data  as  regards  this  study 
is  that  the  SERDP  Low  VOC  CARC  strips  more  readily,  or  equally  as  in  the  case  of 
WBCC  with  MIL-P-23377  primer,  with  the  HashJet™  process  than  either  baseline  system 
with  this  process. 

GLC  and  CWA  Pulsed  Nd:YAG  Laser  Stripping 

Data  for  both  laser-stripping  processes  are  tabulated,  and  presented  in  graphical  format  in 
Appendix  E.  Table  2  and  Figures  3  through  6  are  the  data  developed  with  the  General 
Lasertronics  Corporation  laser  stripping  process.  Data  developed  with  the  Craig  Walters 
Associates  laser  stripping  process  are  presented  in  Table  3,  and  Figures  7  through  10. 

The  results  for  both  sets  of  data  are  very  similar  even  though  the  means  off  coatings 
removal  differ.  This  difference  was  evident  in  observations  of  the  stripping  trials.  GLC 
laser  stripping  produced  more  vaporized  material  (ablative  process),  and  the  CWA  laser 
stripping  process  tended  to  produce  large  pieces  of  coating  system  (laser  shock)  that 
separated  from  the  substrate.  The  primary  differences  between  the  data  produced  by  the 
two  systems  are  the  actual  strip  rate  data.  The  GLC  strip  rate  data  tended  to  be  higher  by 
about  an  order  of  magnitude.  Strip  rate  data  produced  by  both  processes  tended  to  be  a 
couple  orders  of  magnitude  lower  than  the  lowest  (wheat  starch  DMB)  production 
process  included  in  this  study. 

The  strippability  trends  are  nearly  identical  for  both  processes.  Data  for  each  process,  in 
nearly  every  data  set,  indicates  that  the  SERDP  Low  VOC  CARC  is  more  readily 
stripped  by  either  laser  proeess  than  either  baseline  coating  system.  This  trend  also  holds 
true  over  the  range  of  substrate  materials,  which  for  these  processes  included  fiberglass 
test  substrate. 

4.0  CONCLUSIONS/RECOMMENDATIONS 

The  overall  conclusion  to  be  reached  on  the  basis  of  the  CARC  stripping  requirements 
survey  is  that  the  preponderance  of  this  work  in  the  depots  is  done  with  some  form  of  dry 
abrasive  blasting.  Another  obvious  conclusion  to  be  drawn  from  this  survey  is  that  there 
is  a  common  concern  pertaining  to  any  increases  of  hazardous  waste  products  associated 
with  the  SERDP  Low  VOC  CARC.  If  any  of  the  stripping  processes  proved  to  require 
modification,  and/or  to  be  replaced,  these  concerns  would  be  paramount  in  any 
considerations  for  such  efforts.  These  issues  would  need  to  be  the  foundation  for 
acceptance  criteria  to  guide  development  of  any  stripping  process  modifications. 
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CARC  strippability  data  for  the  various  dry  media  depaint  processes  suggests  that  the 
strippability  of  the  SERDP  Low  VOC  CARC  should  not  be  expected  to  present  an 
adverse  impact  to  depaint  operations.  There  were  some  instances  where  the  data 
indicates  that  the  SERDP  Low  VOC  CARC  may  prove  to  be  more  difficult  to  remove 
than  the  other  topcoats.  However,  there  are  indications  that  the  SERDP  Low  VOC 
CARC  is  more  easily  stripped  than  the  current  CARC  for  most  of  the  data  sets  developed 
in  this  study. 

The  chemical  strippability  data  suggests  that  stripping  productivity  of  the  SERDP  Low 
VOC  CARC  using  these  processes  is  not  expected  to  be  impacted  significantly.  The 
most  significant  change  in  strippability  was  exhibited  by  the  tests  conducted  with  a 
secondary  stripping  process  (Calgon  EZE-545)  used  by  Red  River  Army  Depot  for 
ferrous  materials.  The  results  of  the  depaint  requirements  survey  indicated  that  work  on 
ferrous  materials  at  this  depot  is  very  low  in  proportion  to  the  work  done  with  aluminum 
materials,  which  means  that  while  there  may  be  an  impact,  the  impact  itself  appears  to  be 
insignificant  to  that  operation.  In  addition,  Red  River  has  given  indications  that 
evaluations  are  being  conducted  of  a  chemical  stripping  process  that  if  successful,  may 
replace  their  entire  current  chemical  stripping  processes. 

Strippability  with  the  SERDP  Low  VOC  CARC  with  the  applied  light  energy  processes 
must  be  considered  a  non-issue.  No  data  were  developed  that  indicate  that  the  SERDP 
Low  VOC  CARC  will  present  any  strippability  problems  with  these  processes,  and  very 
likely  with  any  similar  processes. 

The  final  conclusion  is,  given  that  there  is  no  firm  foundation  from  the  data  to  support 
modifying  or  replacing  current  depaint  processes  to  accommodate  the  SERDP  Low  VOC 
CARC,  there  will  also  be  no  need  to  be  concerned  over  waste  disposal.  Since  there  are 
no  changes  in  current  processes  seeming  to  be  necessary,  the  disposal  associated  with 
these  processes  should  not  be  effected. 
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APPENDtX  A 


CARC  STRIPPING  SURVEY  RESULTS 
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Table  1.  CARC  Stripping  Requirements  for  Several  DoD  Maintenance  Operations 


_ Base _ 

_ Location _ 

_ Point  of  Contact _ 

_ Numbers  (voice  &  fax) 

_ Date  of  Last  Visit _ 

1.  CARC  Stripping 

Requirements _ 

2.  Facilities  &  Usage  (%) _ 

3.  Methods  &  Usage  (%) _ 

3a.  Media  &  Usage  (%) _ 

3b.  Chemicals  &  Usage  (%) 

4.  Substrates  &  Portion  of 

Workload  (%) _ 

5.  Acceptance  Criteria _ 

6.  Production _ 

7.  Environmental  Concerns 

8.  Needs _ 

9.  Technical  Efforts _ 

10.  Specifications/Pertinent  Data 

11.  Miscellaneous  Issues  _ 


CARC  NEEDS  &  REQUIREMENTS  DEFINITION  PHASE 


Anniston  Army  Depot 

Corpus  Christ!  Army  Depot 

Anniston,  AL 

Corpus  Christi,  TX 

Tony  Pollard 

Susan  Veatch 

256/235-7071  (v) 

361/961-2767  (v) 

363/961-2765  (f) 

5  Sep  97 

20  Jan  98 

Vehicle  and  Artillery 

Helicopters 

6  Booths 

Table 

Spinner 

4  Glove  Boxes 

3  Dip  Tanks 

4  Booths  70% 

10  Glove  Boxes  10% 

6  Dip  Tanks  10% 

5  Chem  Areas  10% 

Blast  75% 

Chemical  25% 

Blast  80% 

Chemical  20% 

Steel  Shot  0.5% 

Green  Lightening  60% 

Black  Beauty  30% 

Walnut  7% 

Glass  Bead  2% 

Aluminum  Oxide  0.5% 

Type  II 10% 

Type  V  60% 

Wheat  Starch  10% 

PenetoneNPX  100% 

Methylene  Chloride  10% 

N-Methyl  PyrroIidone(NMP) 
/Diethylene  glycol  b-butyl  ether 

10% 

Steel  75% 

Aluminum  25% 

Aluminum  (0.016-0.064) 

Titanium  (>0.064) 

Magnesium  (>0.064) 

Stainless  Steel  (>0.064) 

Composites 

Visual  Inspection  (white  metal) 

Composites  =  no  broken  fibers 

A]  =  Almen  Ah  <2mils 

Not  Quantifiable 

FY98  4358  manhrs/yr  budgeted,  no 
future  data  supplied 

Hazardous  Waste  Disposal 

Eliminate  Mythlene  Chloride, 
reduce  spent  PMB  and  Wheat 

Starch  waste  products 

Increasing  workload  will  allow  no 
reduced  throughput 

Improved  facilities 

Shift  to  more  durable  media  & 
methylene  chloride  replacement 

Tested  various  dry  and  wet  stripping 
techniques 

None  provided 

TO  1-1-8,  ATCOM  AED  A1 1 16B 
(Army  General  PMB  Techniques), 
NAVAIR  OI-l  A-509  (Aircraft 
weapons  cleaning  and  corrosion 
control),  D6-56993  (Wheat  Starch 
Blasting  of  Composites),  CCAD 
Process  Standards 
A.05,A.10,A.12,A.21,  & 
C.08)Various  documents  for 
composite  repair 

None 

Recycling  for  PMB. 

PMB  on  thin  Aluminum 

Letterkenny  Army  Depot 

Chambersburg,  PA _ 

Dennis  Reed _ 

71 7/267-8376  (v) 

717/267-9299  (Q _ 

19  Nov  97 


4  Booths 
1  Rotor  Spinner 
1  Tumbler 
Glove  Boxes 
Dip  Tanks 
Blast  85% 
Chemical  15% 


[uipment 


Walnut  =  primary 

Garnet 

PMB 

Steel  Shot 

Glass _ 

Sodium  Hydroxide 
Turco  6088A 


Steel  =  typically  >  1/8"  thick 
5000  series  A1 
7000  series  A1 

Honeycomb  Composites _ 

_ TOD _ 

_ TOD _ 

Pennsylvania  EPA  has  closely 
scruntized  depot  waste  disposal  and 

compliance _ 

Chemical  stripping  needed  for 
geometries  not  easily  stripped  by 
blasting  processes _ 

TBD 


_ TBD 

Better  adhesion  on  rough  surface 
w/o  chromate  conversion 
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Table  1.  CARC  Stripping  Requirements  for  Several  DoD  Maintenance  Operations 


CARC  NEEDS  &  REQUIREMENTS  DEFINITION  PHASE 


Base 

Red  River  Army  Depot 

Sacramento  ALC 

location 

Texarkana,  TX 

Scranton,  PA 

Sacramento,  CA 

Point  of  Contact 

Mike  Starkes 

Ron  Scamulis 

Ed  White 

Numbers  (voice  &  fax) 

903/334-2601  (v) 

903/334-3650  (f) 

570/895-8223  (v) 

570/895-8412  (f) 

916/643-4886(v) 

Date  of  Last  Visit 

3  Dec  97 

18  Nov  97 

23  Nov  97 

1.  CARC  Stripping 

Requirements 

1 996  total  gallons  applied: 

8307  one  part,  3807  two  part 

1997  lower  (Numbers  not  in.) 

1998  50%  of  1996  levels 
(Bradley  Fighting  Vehicle) 

Mil-C-53039,  Mii-C-46168, 
MiI-C-22750,  Mil-P-53030, 
MIL-C-53072,  DOD-P-15328 
(Electronic  Components,  Vans  & 
Shelters) 

Vans  &  Shelters  for  Ground  Radar 

2.  Facilities  &  Usage  (%) 

7  Booths  90% 

1 1  Rotor  Spinners/tumblers  3% 

1 1  Glove  Boxes  2% 

10  Dip  Tanks  5% 

3  Booths  20% 

1  Rotor  Spinner  20% 

1  Tumbler  20% 

Glove  Boxes  20% 

Dip  Tanks  20% 

Single  Booth  100% 

3.  Methods  &  Usage  (%) 

Blast  95% 

Chemical  5% 

Blast  90% 

Chemical  10% 

Blast  100% 

3a.  Media  &  Usage  (%) 

Steel  Shot  75% 

Garnet  24% 

Walnut  1% 

Zirconia  Alumina  65% 

Steel  Shot  35% 

PMB  Type  II 80% 

Handsanding  20%,  touchup 

3b.  Chemicals  &  Usage  (%) 

Turco  6088A-Thin  75%  (Primary) 
Calgon  EZE-545  (Secondary) 
Ameratec  ADL-220  25% 

Turco  6088A-Thin  90% 

Turco  6813-LO  10% 

(Formic  Acid/Benzyl  Alcohol) 

4.  Substrates  &  Portion  of 
Workload  (%) 

5000  series  Al,  1-1.5",  1/8"  thick 
minimum  95% 

Various  Steels  5% 

2024,  5052,  6061, 7075  Al  65% 
(0.03-0.375") 

Steel  30% 

(0.03-0.375") 

Composites  5% 

(0.06-0.375") 

5000  series  Al  50% 

Steel  50% 

5.  Acceptance  Criteria 

Surface  finish,  desirable/acceptable 
at  2-4  dm 

Mil-C-53072 

Visual  Evaluation  for 

Damage  such  as  Panel  Warpage  and 
Good  Surface  Finish 

6.  Production 

Rough  Estimates 

Al  =  95  manhrs/shift  (75  for  future) 
Steels  =  5  manhrs/shift  (5  for 
future) 

Unavailable 

Unavailable 

7.  Environmental  Concerns 

Potential  reduction  in  hexavalent 
chromium  exposure  levels  from 
OSHA  may  affect  cleaning 
methods. 

Decreasing  OSHA  limits  for 

Cadmium  and  PA  BPA 

California  EPA  maintains  close 
scrutiny  on  base  discharge 

8.  Needs 

Remove  CARC  from  thin  skin 
effectively  &  economically  while 
minimizing  hazardous  wastes 

9.  Technical  Efforts 

Ongoing  work  with  venders. 

None 

None 

10.  Specifications/Pertinent  Data 

There  are  some  available  but  most 
refer  to  the  2-4  (im  surface  finish 

None 

None 

11.  Miscellaneous  Issues 

None 

None 

None 
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Table  1.  CARC  Stripping  Requirements  for  Several  DoD  Maintenance  Operations 


CARC  NEEDS  &  REQUIREMENTS  DEFINITION  PHASE 


Base 

Marine  Corps  Logistics  Base, 
Albany,  Georgia 

Marine  Corps  Logistics  Base, 
Barstow,  California 

Location 

Albany,  GA 

Barstow,  CA 

Point  of  Contact 

Ron  Vargo 

Skip  Schnur 

Numbers  (voice  &  fax) 

912/439-5503, 5504  (v) 

912/439-6824  (f) 

760/577-7295  (v) 

760/577-7294  (f) 

Date  of  Last  Visit 

8  Oct  97 

3  Nov  97 

1.  CARC  Stripping 

Requirements 

Remove  CARC  system  from  items 
of  equipment  in  preparation  for 
other  work  to  be  performed  as 
required 

Paint  removal  is  accomplished  in 
accordance  with  instructions  as 
appropriate  (Heavy  Equipment) 

Customer  driven  since  much  of  the 
workload  is  for  other  DoD 
functions  (Primarily  Heavy 
Equipment) 

2.  Facilities  &  Usage  {%) 

5  Booths  75% 

1  Tumble  Blasters  4% 

2  Rotor  Spinners  17% 

2  Booths 

1  Table  Spinner 

1  Rotor  Spinner 

1  Tumbler 

2  Glove  Boxes 

3.  Methods  &  Usage  (%) 

Blast  100% 

Blast  90% 

Chemical  10% 

1 

3a.  Media  &  Usage  (%)  \ 

PMB  10% 

Garnet  69% 

Steel  Shot/Grit  20%  i 

Glass  Bead  1  %  , 

Steel  Shot  50  % 

Garnet  30% 

Type  V  PMB  20% 

3b.  Chemicals  &  Usage  (%) 

N/A 

Sodium  Hydroxide  60% 

Sodium  Glutonate  40% 

4.  Substrates  &  Portion  of 
Workload  (%) 

Steel  60% 

Aluminum  35% 

Fiberglass  2% 

Wood  1% 

Rubber  2% 

Steel 

Aluminum 

Composites 

5.  Acceptance  Criteria 

Varies  and  is  detailed  in  SOW  for 
each  product 

Customer  Determined 

6.  Production 

Current  requirement  in  Cost  Center 
of  657  manhours  per  month  as: 

Steel  Parts  =  500hrs 

Aluminum  Parts  =  150hrs 

Rubber  Parts  =  5hrs 

Fiberglass  Parts  =  Ihr 

Wood  =  Ihr 

Future  requirements  cannot  be 
easily  quantified 

Not  Made  Available 

7.  Environmental  Concerns 

Recycle,  waste  reduction,  cost, 
release  risk. 

Recycling  of  waste  products  & 
California  EPA  close  scrutiny 

8.  Needs 

Currently  only  blast  capable.  Need 
chemical  method  to  reduce  risk  of 
damage  to  smaller  components. 

Improved  chemical  strippers  that 
are  environmentally  benign. 

9.  Technical  Efforts 

Study  was  done  to  replace 

Methylene  Chloride  with  NMP 
Samples  of  ferrous  and  nonferrous 
CARC  painted  material  sent  to  8 
chemical  stripper  companies  in 

1997 

High  pressure  water  blasting 
investigated  with  favorable  results 

! 

! 

Process  Containment  (i.e.,  air 
emissions) 

10.  Specifications/Pertinent  Data 

None 

TM  3080-50 

11.  Miscellaneous  Issues 

None 

Better  adhesion  on  rough  surface 
w/o  chromate  conversion 
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CARC  STRIPPABILITY  TEST  PLAN 


1.0  Scope 

This  test  plan  was  written  to  support  the  TRW/Southwest  Research  Institute  (SwRI)  Coatings  Technology  Stripping 
Reliability/Maintainability  Improvement  Project.  It  is  designed  to  develop  a  valid  means  to  determine  the  effective 
stripping  capability  of  current  depaint  processes  with  a  new  low  VOC  chemical  agent  resistant  coating  (CARC). 
This  new  SERDP  Low  VOC  CARC  is  being  developed  by  Strategic  Environmental  Research  and  Development 
Program  (SERDP). 

The  primary  goals  for  this  project  were  first  outlined  in  the  SwRI  Project  Plan  ACoatings  Technology  Stripping 
Reliability/Maintainability  Improvement.  @ 

These  goals  include: 

1.  Testing  of  existing  stripping  processes/methods  with  the  SERDP  Low  VOC  CARC  materials  to 
determine  if  further  testing  and/or  development  is  required  to  meet  R&M  goals  and  to  compare  against  current 
CARC  materials. 

2.  Optimization  of  existing  and/or  newly  developed  stripping  technologies  to  comply  with  R&M  goals. 

3.  Stripping  process  materials  characterization  testing  as  required  for  qualification  of  modified  or  new 
stripping  processes.  (The  exact  scope  of  this  effort  will  be  substrate  material  and  specific  application  dependent.) 

2.0  Equipment/Resource  Requirements  and  Schedule 

2.1  Equipment 

The  following  equipment  will  be  needed  to  conduct  the  tests: 

Paint  Booth 
Curing  Oven 
QUV 

Test  Facilities  (Baseline  and  comparison  depaint  testing  will  be  conducted  at  various  DOD  Installations),  and 
laboratory  facilities  for  chemical  stripping  process  testing. 

2.2  Resources 

To  conduct  the  tests,  sufficient  quantities  of  the  following  materials  will  be  required  to  prepare  the  test  panels: 

1010  alloy  steel  of  0.063"  thickness  to  make  60  2'x2'  test  panels 

2024-T3  alloy  aluminum  of  0.063"  thickness  to  make  120  2'x2'  test  panels 

2024-T3  alloy  aluminum  of  0.032"  thickness  to  make  64  2'x2'  test  panels 

Fiberglass/Epoxy  8-ply  0.062"  thickness  to  make  test  panels  to  make  72  l'x2'  test  panels 

23nc-Phosphate  pre-treatment  in  accordance  with  (lAW)  T-T-C  490 

Chromate  Conversion  Coating  LAW  TO  1-1-8 

Primer  MIL-P-53022 

Primer  MIL-P-23377,  Type  1,  Class  C 

Topcoat  MIL-C-46168D  CARC  383  Green  (Color  #34094) 

Topcoat  MIL-C-29475  Water  Borne  Camouflage  Coating  (WBCC)  383  Green  (Color  #34094) 

Topcoat  SERDP  Low  Volatile  Organic  Compounds  (VOC)  CARC  -  Air  Force  Light  Grey  (Color  #  36251) 

Topcoat  SERDP  SERDP  Low  VOC  CARC  -  Navy  Green  (Color  #  383) 

Penetone  Penstrip  NPX  chemical  stripper 
Calgon  EZE  545  chemical  stripper 
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Ameritech  ADL-220  chemical  stripper 
Altochem  Turco  6088A-Thin  chemical  stripper. 

2.3  Schedule 


The  test  panel  preparation  and  field  level  testing  phases  of  this  project  will  be  conducted  over  a  one  year  period  (or 
less)  contingent  upon  acceptance  of  this  test  plan  and  the  availability  of  a  surface  preparation  room,  paint  booth,  and 
depaint  facilities  at  field  test  sites.  The  proposed  schedule  is  shown  in  Figure  1. 

In  general,  test  panels  will  be  prepared,  coated,  and  allowed  to  dry  for  a  minimum  of  seven  days.  The  test  panels 
will  be  artificially  aged  by  one  of  two  processes,  ultra-violet/condensate  (UV/CON)  chamber  or  by  elevated 
temperature. 

3.0  Preparation  Chart  and  Testing  Matrix 

The  specific  parameters  for  test  material  preparation  and  test  matrix  details  are  given  below.  The  test  matrix  has 
been  designed  to  accomplish  the  goal  of  maximizing  the  number  of  panels  tested  at  the  minimum  number  of  test 
facilities. 


3.1  Test  Panel  Preparation  Chart _ 

Test  Panel  Pteparation  Chart 


Substrate 

Alloy 

Thickness 

Pre-Treatment 

Primer 

Topcoat 

Cure 

#  Panels 

SI 

Steel 

1010 

0.063  in 

Zinc-phosphate  (T-T-C  490) 

MIL-P-53022 

MIL-C-46168D 

QUV 

15 

Steel 

1010 

0.063  in 

Zinc-phosphate  (T-T-C  490) 

MIL-P-53022 

MI1^C-46168D 

Oven 

5 

S2 

Steel 

1010 

0.063  in 

Zinc-phosphate  (T-T-C  490) 

MII4-P-53022 

ME^C-29475 

QUV 

15 

Steel 

1010 

0.063  in 

Zinc-phosphate  (T-T-C  490) 

MIL-P-53022 

MIL-C-29475 

Oven 

5 

S3 

Steel 

1010 

0.063  in 

23nc-phosphate  (T-T-C  490) 

MlL-P-53022 

Low  VOC  CARC 

QUV 

15 

Steel 

1010 

0.063  in 

Zinc-phosphate  (T-T-C  490) 

MIL-P-53022 

LowVOCCARC 

Oven 

5 

Total 

60 

A! 

Aluminum 

2024-T3 

0.063  in 

CRO4  conv  (TO  1-1-8) 

ME.-P-53022 

ME^C-46168D 

QUV 

15 

Aluminum 

2024-T3 

0.063  in 

CRO4  conv  (TO  1-1-8) 

MIL-P-53022 

MII.rC-46168D 

Oven 

5 

Aluminum 

2024-T3 

0.032  in 

CRO4  conv  (TO  1-1-8) 

MIL-P-53022 

M11.^C-46168D 

QUV 

6 

2024-T3 

0.032  in 

CRO4  conv  (TO  1-1-8) 

MIL-P-53022 

MIL-C-46168D 

Oven 

2 

A2 

Aluminum 

2024-T3 

0.063  in 

CR04Conv(TO  1-1-8) 

MIL-P-23377,  Type  1.  Class  C 

MII.-C-46168D 

QUV 

15 

Aluminum 

2024-T3 

0.063  in 

CRO4  conv  (TO  1-1-8) 

MIl^P-23377,  Type  1,  Class  C 

ME^C-46168D 

Oven 

5 

Aluminum 

2024-T3 

0.032  in 

CRO4  conv  (TO  1-1-8) 

MIL-P-23377,  Type  1,  Class  C 

MI1^C-46168D 

QUV 

6 

Aluminum 

2024-T3 

0.032  in 

CRO4  conv  (TO  1-1-8) 

MIl^P-23377,  Type  1,  Class  C 

MIL-C-46168D 

Oven 

2 

A3 

Aluminum 

2024-T3 

0.063  in 

CRO4  conv  (TO  1-1-8) 

MII-P-53022 

MIL-C-29475 

QUV 

15 

Aluminum 

2024-13 

0.063  in 

CRO4  conv  (TO  1-1-8) 

MlL-P-53022 

MIL-C-29475 

Oven 

5 

Aluminum 

2024-T3 

0.032  in 

CR04Conv(TO  1-1-8) 

MILP-53022 

MIL-C-29475 

QUV 

6 

Aluminum 

2024-13 

0.032  in 

CRO4  conv  (TO  1-1-8) 

MlLP-53022 

MIL-C-29475 

Oven 

2 

A4 

Aluminum 

2024-T3 

1  0.063  in 

CRO4  conv  (TO  1-1-8) 

MILP-23377,  Type  1,  Class  C 

MIL-C-29475 

QUV 

15 

Aluminum 

2024-T3 

0.063  in 

CR04Conv(TO  1-1-8) 

MlL-P-23377,Type  1,  Class  C 

MIl^C-29475 

Oven 

5 

Aluminum 

2024-T3 

0.032  in 

CR04  conv  (TO  1-1-8) 

MIL-P-23377,  Type  1,  Oass  C 

ME.-C-29475 

QUV 

6 

Aluminum 

2024-T3 

0.032  in 

CRO,  conv  (TO  1-1-8) 

MIL-P-23377,  Type  1,  Class  C 

j  MIL-C-29475 

Oven 

2 

A5 

Aluminum 

2024-T3 

0.063  in 

CRO4  conv  (TO  1-1-8) 

MIL^P-53022 

LowVOCCARC 

QUV 

15 

Aluminum 

2024-T3 

0.063  in 

CR04Conv(TO  1-1-8) 

MIL-P-53022 

j  Low  VOC  CARC 

Oven 

5 
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Aluminum 

2024-T3 

0.032  in 

CRO4  conv  (TO  M-8) 

MIL-P-53022 

LowVOCCARC 

Aluminum 

2024-T3 

0.032  in 

CR04Conv  (TOM-g) 

MIL-F-53022 

Low  VOC  CARC 

Aluminum 

2024-T3 

0.063  in 

CROjConv  (TO  1 -1-8) 

Mn--P-23377,  Type  1,  Class  C 

LowVOCCARC 

Aluminum 

2024-T3 

0.063  in 

CRO4  conv  (TO  1-1-8) 

MIL-P-23377,  Type  1.  Class  C 

LowVOCCARC 

Aluminum 

■  2024-T3 

0.032  in 

CR04Conv{TO  1-1-8) 

MIL-P-23377,  Type  I,  Class  C 

Low  VOC  CARC 

Aluminum 

2024-T3 

0.032  in 

CR04Conv(TO  1-1-8) 

MlL-P-23377,  Type  1,  Class  C 

Low  VOC  CARC 

FI 

Fiberglass 

8-ply 

0.062in 

N/A 

MIL-P-53022  1 

MIL-C-46168D 

F2 

fiberglass 

g-p!y 

0.062m 

N/A 

MIL-P-23377,  Type  L  Class  C  1 

MIL-C-46I68D 

F3 

fiberglass 

8-ply 

0.06 2in 

N/A 

ME.-P-53022 

MIl-C-29475 

F4 

fiberglass 

8-ply 

0.062in 

N/A 

MIl^P-23377,  Type  1.  Class  C 

MIL-C-29475 

F5 

fiberglass 

S-ply 

0.062in 

N/A 

Mtt.-P-53022 

Low  VOC  CARC 

F6 

fiberglass 

8-ply 

0.062in 

N/A 

MH^P-23377,  Type  1 .  Class  C 

Low  VOC  CARC 

3.2  Stripping  Proces.ses  Assessments  per  Substrate 


Substrate 

Stripping  Processes 

Steel 

Garnet,  Steel  Shot,  PMB  Type  II,  Walnut  Hull,  Zirconia  Alumina,  Penetone  NPX,  ADL-220, 
and  Turco  6088A-Thin 

Aluminum 

Garnet,  Steel  Shot,  PMB  Type  II  &  V,  Walnut  Hull,  Zirconia  Alumina,  Wheat  Starch,  Turco 
6088A-Thin,  Calgon  EZE-545,  and  Penetone  NPX 

Fiberglass 

PMB  Type  V,  Wheat  Starch,  and  Flash  Jet 

3.3  Strippabilitv  Test  Matrix/Facilitv  (Site) 


Base 

Proposed  Test  Date 

Process 

Substrate 

Letterkenny/ 

October  19,  1998 

Walnut 

Steel  &  Aluminum 

Tobyhanna  Army  Depots 

November  9,  1998 

Zirconia 

Alumina 

Steel  &  Aluminum 

Albany  Marine  depot 

Steel  Shot 

Steel  &  Aluminum 

January  25,  1999 

Garnet 

Steel  &  Aluminum 

.  ...  -  . - 

February  15,  1999 

PMB  Type  V 

Aluminum  &  Fiberglass 
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Corpus  Christi  Army  Depot 

November  23,  1998 

Wheat  Starch 

Aluminum  &  Fiberglass 

Boeing,  St.  Louis  Division 

March  29, 1999 

Flash  Jet 

Fiberglass 

McClellan  AFB 

December  15, 1998 

PMB  Type  II 

Steel  &  Aluminum 

CTIO  Dayton 

September  16, 1998  (prelim) 
November  16,  1998  (complete) 

Chemical 

Steel  &  Aluminum 

4.0  Panel  Preparation  General  Procedures 

4.1  Panel  Preparation 

Application  of  coatings  systems  and  pre-application  surface  preparations  will  be  lAW  the  following: 

1.  Steel  test  panels  will  be  prepared  and  Zinc-phosphate  pre-treated  lAW  T-T-C  490D.  Primers  and  Topcoats  will 
be  applied  lAW  the  applicable  MIL-SPECS  listed  in  the  Test  Panel  Preparation  Chart  of  Section  3.1 . 

2.  Aluminum  test  panels  will  be  prepared  lAW  TO  1-1-691.  Chromate  Conversion  pre-treatment  will  be  applied 
LAW  TO  1-1-8.  Primers  and  Topcoats  will  be  applied  lAW  the  applicable  MIL-SPECS  listed  in  the  Test  Panel 
Preparation  Chart  of  Section  3.1. 

3.  Fiberglass  test  panels  will  be  prepared  lAW  MIL-I-24768/27  GEE-F.  Primers  and  Topcoats  will  be  applied  LAW 
the  applicable  MIL-SPECS  listed  in  the  Test  Panel  Preparation  Chart  of  Section  3.1. 

4.2  Panel  Aging 

All  test  panels  will  undergo  accelerated  aging  by  one  of  two  methods.  Procedures  for  this  accelerated  aging  are  as 
follows: 

1.  Test  panels  undergoing  UV/CON  aging  will  be  conditioned  for  40-12  hour  cycles  of  UV  light  exposure  followed 
by  a  period  of  water  condensate  exposure.  Each  12  hour  cycle  will  comprise  an  8  ±  0.25  hours  UV  exposure  @  70° 
±  2°  C,  followed  by  a  4  ±  0.25  hours  condensate  exposure  @  50°  ±  2°  C.  UV  exposure  will  be  with  UVB  313 
bulbs,  with  an  irradiance  of  0.63  W/m^. 

2.  Test  panels  undergoing  elevated  temperature  aging  will  be  conditioned  in  an  oven  at  210°  ±  2°  F  for  96  ±  0.25 
hours. 

5.0  Strippability  Test  Procedures 

Dry  media  depaint  processes  will  be  applied  by  qualified  operators  LAW  the  sttindard  operating  procedures  for  the 
removal  of  the  current  CARC  from  each  substrate  for  each  process  listed  in  the  Test  Site  Utilization  Chart  of  Section 
3.3,  In  order  to  eliminate  variables  that  could  be  introduced  by  multiple  operators,  all  testing  will  be  scheduled  in 
such  a  fashion  that  one  operator  will  be  able  to  complete  the  test  during  a  single  shift.  In  addition,  each  operator  will 
be  briefed  on  the  tests  to  be  conducted.  During  this  briefing,  it  is  important  that  the  operator  understand  the 
importance  of  maintaining  standoff  distance,  strip  rate,  and  angle  of  impingement  as  consistent  as  possible.  The 
intent  of  this  measure  will  be  to  mitigate  possible  effects  resulting  from  operator  related  variables,  and  provide  a 
consistency  of  application  of  the  blast  process  so  that  confident  comparisons  can  be  made  between  individual  test 
panels- 
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After  stripping  each  panel,  the  following  data  will  be  recorded:  strip  rate,  standoff  distance,  angle  of 
impingement,  maximum  flow  rate,  pressure,  nozzle  parameters,  and  overall  quality  (or  effectiveness)  of  the 
stripping  process.  This  data  will  be  recorded  in  a  Lab  Record  Book.  This  data  will  be  used  as  the  basis  for 
comparison  between  the  baseline  material  (existing  CARC)  and  the  sample  material  (SERDP  Low  VOC 
CARC). 

Chemical  depaint  processes  will  be  applied  by  CTIO  personnel  lAW  the  standard  operating  procedures 
specified  by  each  base  for  the  removal  of  the  current  CARC  from  each  substrate  for  each  process  listed  in 
the  Test  Site  Utilization  Chart  of  Section  3.3.  Test  specimens  for  these  tests  will  be  materials  cut  from 
larger  strippability  test  panels  to  ensure  that  there  is  consistency  between  these  test  materials,  and  those  to 
be  used  for  strippability  testing  with  other  depaint  processes.  Chemical  strippability  data  sets  will  be 
comprised  of  a  minimum  of  three  samples  of  each  combination  of  coating  system  and  substrate  materials 
included  in  the  strippability  evaluation,  with  the  exception  of  fiberglass  substrate  materials. 

After  stripping  each  panel,  the  following  data  will  be  recorded:  time  to  initial  bubbling  of  the  coating 
system,  and  the  time  to  complete  removal  of  the  coating  system.  This  data  will  be  recorded  in  a  Lab 
Record  Book.  This  data  will  be  used  as  the  basis  for  comparison  between  the  baseline  material  (existing 
CARC  systems)  and  the  sample  material  (SERDP  Low  VOC  CARC). 

6.0  Adhesion  Testing 

The  adhesion  of  each  coating  system  used  for  evaluation  of  the  test  matrix  will  be  characterized  by  use  of 
the  Modified  Patti-Test  method.  The  Modified  Patti-Test  method  was  developed  at  SwRI  and  will  be 
performed  lAW  ASTM  D4541,  and  will  be  performed  following  the  procedures  detailed  in  CTIO  SOP- 
DRY-1 1.  Adhesion  tests  will  be  conducted  on  witness  panels  that  will  be  coated  concurrently  with  test 
panels  intended  for  use  in  the  test  matrix  evaluation.  Adhesion  characterization  will  be  based  on  mean 
adhesion  values  derived  from  measurements  consisting  of  three  measurements  from  each  witness  panel. 
Each  coating  system  will  have  three  witness  panels  for  these  measurements,  which  means  the  mean 
adhesion  value  will  be  based  on  a  minimum  of  nine  distinct  measurements. 

The  Modified  Patti-Test  method  will  use  test  apparatus  rings  adhesively  bonded  to  the  coating  system,  and 
then  allowed  to  cure  overnight  (minimum  of  12  hours)  before  adhesion  testing.  In  order  to  improve  the 
efficiency  of  this  method,  a  vacuum  chuck  may  be  used  to  restrain  the  sample  during  measurement. 

7.0  Dry  Film  Thickness  Measurements 

Dry  film  thickness  measurements  (DFTM)  will  be  made  on  each  test  panel  per  CTIO  SOP-DRY-02.  Nine 
DFTM  are  to  be  made  on  each  test  panel  for  the  primer  and  primer-f-topcoat  conditions.  The  nine  individual 
DFTM  per  test  panel  will  be  made  in  a  symmetric  array.  Each  test  panel  will  have  a  registration  mark 
placed  on  the  rear  (unpainted)  surface  to  define  the  orientation  of  the  test  panel  for  DFTMs.  This  mark  will 
define  the  upper  left  corner  of  the  test  panel.  DFTM  location  identification  for  data  recording  will  be 
numbered  1  through  9  in  a  clockwise  fashion,  with  location  #1  as  the  measurement  location  adjacent  to  the 
registration  marking. 

8.0  Data  Acquisition,  Recording,  and  Quality  Assurance 

All  data  will  be  recorded  on  Data  Sheets  that  are  in  compliance  with  the  data  requirements  listed  below  for 
specific  portions  of  this  project.  In  addition,  a  Paint  Report  will  be  completed  for  each  batch  of  panels 
coated  with  a  specific  primer  and  topcoat.  All  data  acquired  for  this,  and  subsequent  matrix  development 
efforts  will  be  placed  in  Lab  Record  Books,  which  will  be  made  available  to  the  Project  Manager  as 
needed.  Any  observations,  suggestions,  or  comments  derived  from  these  efforts  will  also  be  recorded  in  the 
Lab  Record  Books  used  for  this  project. 

8.1  Dry  Film  Thickness  Measurement  Data 

Record  DFTM  for  each  location  measured  on  each  test  panel.  Also  determine  and  record  the  statistical 
mean  and  standard  deviation  values  for  each  data  set.  A  data  set  will  consist  of  the  measurements  for  each 
panel. 8. 2  Coatings  Adhesion  Data 
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Record  all  adhesion  data  for  the  complete  coating  system  as  represented  by  witness  panels  prepared 
concurrently  with  the  test  panels.  Other  data  to  be  recorded  include  the  mean  value  for  each  panel  tested, 
and  mode  of  coating  failure. 

8.3  Stripping  Effectiveness  Assessment  Data 

Record  the  strip  rate,  standoff  distance,  angle  of  impingement,  maximum  flow  rate,  pressure,  nozzle 
parameters,  and  overall  quality  (or  effectiveness)  of  the  stripping  process. 

8.4  Quality  Assurance 

SwRI  Quality  Assurance  is  to  ensure  that  the  equipment  required  for  this  study  have  the  appropriate 
calibration  certificates  as  required.  SwRI  Quality  Assurance  will  also  ensure  that  these  calibration 
certificates  remain  valid  throughout  the  period  that  this  study  is  conducted. 

If  comparison  analysis  of  the  data  yielded  by  this  plan  finds  that  a  process  needs  to  be  modified  or  a 
new  process  must  be  introduced  in  order  to  meet  production  requirements,  this  test  plan  will  be 
amended  to  include  additional  testing  and  qualification  procedures  for  modified  or  new  processes. 
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APPENDIX  C 

CARC  STRIPPABILITY  DATA  FOR  DRY  MEDIA 
BLASTING  PROCESSES 


AF35 


Table  1.  Letterkenny  Army  Depot  Walnut  Hull  Strippability  Data 


1  -  Average  based  on  topcoat  stripping  only, 

2  -  Oven  cure  consists  of  7  day  minimum  room  temperature  cure,  followed  by  96  hours  at  21  O^F. 
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Figure  1.  Letterkenny  Walnut  Hull  DMBStrippability  with  MIL-P-23377  Primer 
System 


Steel  Steel  Steel 

Topcoat  and  Substrate  Combinations 


Figure  2.  Letterkenny  Walnut  Hull  DMB  StrippabHity  with  MIL-P-53022  Primer  System 
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Note;  Unshaded  areas  represent  stripping  of  the  topcoat  only. 


Figure  3.  Letterkenny  Walnut  Hull  DMB  Strippability  with  MIL-P-53022  Primer 
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Table  2.  Tobyhanna  Zirconia  Alumina  Strippability  Data 
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Figure  4.  Tobyhanna  Alumina  Zirconia  DMB  Strippability  with  MIL-P-53022  Primer 
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Figure  5.  Tobyhanna  Alumina  Zirconia  DMB  Strippability  with  MlL-P-53022  Primer 
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Figure  6.  Tobyhanna  Alumina  Zirconia  DMB  StrippabOity  with  MIL-P-23377  Primer 
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Table  3.  Marine  Corps  Logistics  Base- Albany  Type  II DMB  Process  Strippability 


SUBSTRATE 

PRIMER 

TOP  COAT 

Age/Cure 

Avg 

ftVmin 

Notes 

AL 

MIL-P-53022 

ME.-C.46 168 

UV-B 

1.69 

1.20 

AL 

- 

UV-B 

1.40 

■■1 

AL 

" 

- 

UV-A 

l.ll 

AL 

UV-A 

1.24 

AL 

" 

Oven 

0.57 

AL 

MrL-P-53022 

MIL-C-29475 

UV-B 

1.22 

0.93 

5%  TC  remained  and  subtracted  from  total  area. 

AL 

" 

UV-B 

0.79 

AL 

UV-A 

0.99 

AL 

■ 

" 

UV-A 

1.06 

AL 

- 

Oven 

0.61 

_ 1 

AL 

MIL-P-53022 

LVC-Navv  Green 

UV-B 

0.86 

AL 

" 

UV-B 

1.00 

AL 

- 

UV-A 

0.74 

.  -1 

A!, 

" 

UV-A 

0.6S 

AL 

- 

Oven 

0.61 

Al. 

Mn.^P-53022 

LVC^AFGrav 

UV-B 

1.55 

1.19 

5%  TC  remained  and  subtracted  from  total  area. 

AL 

" 

UV-B 

1.15 

10%  TC  remained  and  subtracted  from  total  area. 

AL 

- 

■ 

UV-A 

1.02 

AL 

Oven 

1  31 

AJ. 

" 

UV-A 

0.95 

2%  TC  remained  and  subtracted  from  total  area. 

Al. 

MIL-P-2.3377 

MIL-C-46i68 

UV-B 

2.07 

BlBi 

AL 

- 

- 

UV-B 

3.43 

AL 

- 

UV-A 

2.S4 

AL 

" 

UV-A 

3.43 

AT. 

- 

" 

Oven 

1.49 

2%  TC  remained  and  subtracted  from  total  area. 

AL 

MIL-P-23377 

UV-B 

2.43 

2.44 

AL 

« 

- 

UV-B 

na 

Missed  Data  Point 

AL 

” 

- 

UV-A 

na 

Missed  Data  Point.  -20-30sec 

AL 

•• 

•• 

UV-A 

2.43 

■BR9HI 

HHBBHi 

Oven 

2.47 

AL 

MIL-P-23377 

LVC-Navv  Green 

UV-B 

6.64 

4.91 

AL 

. 

UV-B 

6.22 

AL 

" 

" 

5.53 

AL 

- 

~ 

_ UV-A 

3.11 

' 

AL 

3.07 

AL 

MIL-P-23377 

LVC-AF  Grav 

UV-B 

5.24 

4.07 

AL 

- 

UV-B 

4.74 

AT. 

- 

- 

UV-A 

4.15 

AL 

" 

■ 

UV-A 

3.21 

■■1 

AT. 

Oven 

2.99 

_ _  _ _ - . 
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Average  Strip  Rate,  ft  /min 


Figure  7.  Albany  Type  II DMB  Strippability  with  MIL-P-23377  Primer  and  Aluminum  Substrate 
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Figure  8.  Albany  Type  II  DMB  Strippability  with  MIL-P'53022  Primer  and  Aluminum  Substrate 
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Table  4.  Albany  Garnet  Grit  DMB  Process  Strippability  Data 


SUBSTRATE 

PRIMER 

TOP  COAT 

Age/Cure 

Strip  Rate, 

ft^/min 

Avg 

Notes 

AL 

MrL.P-S3022 

MIL-C-46168 

UV-B 

4.27 

4.SS 

AL 

" 

- 

UV-B 

5.19 

2%  TC  remained  and  subtracted  firom  total  area. 

AL 

•• 

- 

UV-B 

4.74 

1  %  TC  remained  and  subtracted  from  total  area. 

AL 

" 

Oven 

5.33 

AL 

MIL-P-23377 

MIL-C-46168 

UV-B 

5.19 

7.15 

1  ^  TC  remained  and  subtracted  ftom  total  area. 

AL 

- 

UV-B 

5.27 

1  %  TC  remained  and  subtracted  ironi  total  area. 

AL 

UV-B 

10.53 

1  %  TC  remained  and  subtracted  from  total  area. 

AL 

” 

Oven 

7.61 

AL 

MIL-P-53022 

MIL-C-29475 

UV-B 

4.26 

5234 

1  %  TC  remained  and  subtracted  from  total  area. 

AL 

■ 

UV-B 

5.51 

2%  TC  remained  and  subtracted  from  total  area. 

AL 

UV-B 

6.55 

nni 

AL 

» 

Oven 

5.04 

■■  -  -  -I 

AL 

MrL-P-23377 

MIL.C-29475 

UV-B 

9.28 

BI9 

AL 

" 

UV-B 

S,07 

1%  TC  remained  and  subtracted  from  total  area. 

AL 

" 

UV-B 

8.88 

1  %  TC  remained  and  subtracted  from  total  area. 

AL 

" 

" 

Oven 

13.32 

AL 

MIL-P-53022 

Low  VOC  CARC 

UV-B 

6.19 

AL 

UV-B 

7,40 

1%  TC  remained  and  subtracted  from  total  area. 

AL 

" 

" 

UV-B 

5.55 

1  %  TC  remained  and  subtracted  from  total  area. 

AL 

- 

" 

4,85 

1  %  TC  remained  and  subtracted  from  total  area. 

AL 

MlL-P-23377 

Low  VOC  CARC 

HSES 

16.41 

15.83 

AL 

■■ 

H5S9I 

19.69 

AL 

•• 

BE5S3i 

19.69 

AL 

» 

" 

7.53 

ST 

MlL-P-53022 

MIL-C-46168 

WEsm 

4.92 

mm 

ST 

■ 

6.15 

ST 

- 

HSZSH 

6.56 

ST 

- 

Oven 

6.95 

ST 

MIL-P-S3022 

MIL-C-29475 

UV-B 

10.20 

7.86 

ST 

UV-B 

8.82 

2%  TC  remained  and  subtracted  from  total  area. 

ST 

■■ 

UV-B 

6.56 

ST 

" 

- 

Oven 

5.S6 

]  %  TC  remained  and  subtracted  from  total  area. 

ST 

Low  VOC  CARC‘ 

UV-B 

6.77 

6.97 

1  %  TC  remained  and  subtracted  front  total  area. 

ST 

- 

UV-B 

5.58 

1  %  TC  remained  and  subtracted  from  total  area. 

ST 

- 

UV-B 

8.95 

ST 

■■ 

Oven 

6.58 

1  -  Navy  color. 
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Figure  10.  Albany  Garnet  Grit  DMB  Strippability  with  MIL-P-23377  Primer 
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Fieure  11.  Alhanv  Garnet  Grit  DMB  StrinDabilitv  with  Mn^-P-S3022  Primer 
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Table  5.  Ogden-Air  Logistics  Center  Type  V  Process  Strippability  Data 


PRIMER 

TOP  COAT 

Age/Cure 

Strip  Rate, 

Set  Avg, 

Notes 

ft^/min 

ft^/min 

MIL-P-23377 

MIL-C-46168 

UV-B 

2.12 

2.94 

UV-B 

2.01 

UV-A 

Oven 


UV-B 

UV-B 

UV-A 

UV-A 

Oven 

UV-B 

UV-B 

UV-A 

UV-A 

Oven 

UV-B 

UV-B 

UV-A 

UV-A 

Oven 


UV-B 

UV-B 

UV-A 

UV-A 

Oven 


UV-B 

UV-B 

UV-A 

UV-A 

Oven 

UV-B 

UV-B 

UV-A 

UV-A 

Oven 

UV-B 

UV-B 

UV-A 

UV-A 

Oven 


1  -  Navy  color. 

2  -  AF  Gray 
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Figure  12.  Ogden-ALC  Type  V  DMB  Strippabilify  with  AL  Substrate  and  MIL-P- 
23377  Primer 


Figure  13.  Ogden-ALC  Type  V  DMB  Strippability  with  AL  Substrate  and  MIL-P-53022 
Primer 
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Table  6.  Anniston  Army  Depot  Steel  Shot  Process  Strippability  Data 


SOBSTRATE 

PRIMER 

TOPCOA^ 

Agfi/CuTe 

Strip  Rate, 

Set  Avg, 

ft^/min 

Notes 

AL 

MIL-P-53022 

MIL-C-46168 

1.71 

BBI 

5%  TC  tetnained  and  subtracted  from  total  area. 

AL 

" 

" 

UV-B 

1.71 

5%  TC  remained  and  subtracted  from  total  area. 

AL 

■■ 

■■ 

UV-B 

1.75 

5%  TC  remained  and  subtracted  from  total  area. 

AL 

" 

", 

Oven 

1.66 

2%  TC  remained  and  subtracted  from  total  area. 

AI. 

UV-B 

4.37 

3.74 

AL 

- 

" 

UV-B 

3.29 

AL 

" 

" 

UV-B 

3.86 

AL 

" 

Oven 

3.43 

AL 

MIL-P-S3022 

MIL-C-29475 

UV-B 

1.97 

1.99 

2%  TC  remained  and  subtracted  from  total  area. 

AL 

- 

UV-B 

2.02 

2%  TC  remained  and  subtracted  from  total  area. 

AL 

" 

" 

UV-B 

1.75 

5%  TC  remained  and  subtracted  from  total  area. 

AL 

■■ 

- 

Oven 

2.22 

5%  TC  remained  and  subtracted  from  total  area. 

AL 

UV-B 

3.16 

2.98 

AL 

" 

- 

HBS9I 

1.69 

bhi 

AL 

" 

' 

UV-B 

3.73 

2%  TC  remained  and  subtracted  from  total  area. 

AL 

" 

" 

Oven 

3.35 

At. 

MTL-P-.S3022 

Low  VOT  CARC 

2.62 

2.S0 

2%  TC  remained  and  subtracted  from  total  area. 

AL 

" 

" 

UV-B 

2.62 

2%  TC  remained  and  subtracted  from  total  area. 

AL 

•• 

■■ 

UV-B 

2.66 

2%  TC  remained  and  subtracted  from  total  area. 

AL 

" 

Oven 

2.09 

2%  TC  remained  and  suhrmcted  from  total  area. 

AL 

M1L-P-233T7 

UV-B 

3.31 

3.47 

AL 

■■ 

UV-B 

3.75 

AI. 

" 

UV-B 

3.87 

hhi 

AL 

" 

•• 

Oven 

2.94 

2%  TC  remained  and  subtracted  from  total  area. 

ST 

MIL-P-53022 

MIL-C-46168 

UV-B 

3.46 

3.79 

ST 

" 

•• 

UV-B 

4.12 

ST 

" 

UV-B 

3.65 

ST 

" 

" 

Oven 

3.92 

hhi 

ST 

MIL-C-29475 

IW-B 

3.73 

IKBifl 

2%  TC  remained  and  subtracted  from  toul  area. 

ST 

■ 

UV-B 

4.59 

ST 

•• 

» 

UV-B 

3.71 

ST 

.. 

" 

Oven 

3.57 

ST 

MIL-P-53022 

Low  VOC  CARC’ 

UV-B 

3.73 

3.83 

ST 

-- 

B8SI9i 

4.12 

ST 

UV-B 

3.42 

ST 

- 

Oven 

4.07 

1  -  Navy  Color 
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Figure  14.  Anniston  Steel  Shot  DMB  Strippability  with  Mny-P-23377  Primer 
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Figure  15.  Anniston  Steel  Shot  DMB  Strippability  with  MIL-P-53022  Primer 
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Table  7.  Corpus  Christ!  Army  Depot  Wheatstarch  Media  Strippability  Data 


SUBSTRATE 

PRIMER 

TOPCOAT 

As/efCare 

Strip  Rate, 

Set  Avg, 

ft^/min 

Notes 

Oven 

034 

" 

Oven 

0.34 

" 

Oven 

0.35 

Fiberelass 

MIL-P-53022 

MIL-C-2947S 

Oven 

0.55 

0.53 

■■ 

» 

Oven 

0.60 

■ 

■ 

Oven 

0.44 

fiberslass 

MIL-P-53022 

LowVOCCARc’ 

Oven 

0.40 

0.46 

- 

Oven 

0.43 

" 

Oven 

0.54 

Fiberelass 

Mn.-C-461fiR 

Oven 

0.42 

03S 

" 

" 

Oven 

0.36 

■■ 

Oven 

0.37 

Stop  Watch  SU/ET  Estimate 

Bberelass 

MIL-C-2947S 

Oven 

0.49 

039 

Oven 

0.40 

■■ 

Oven 

0.28 

Fiberelass 

MIL-P-23377 

LowVOCCARC' 

Oven 

0.57 

036 

■■ 

” 

Oven 

0.56 

Oven 

1  -  Navy  Color 


APPENDIX  D 

CHEMICAL  DEPAINT  STRIPPABILITY  DATA 
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General  Procedures 


Samples  representing  each  topcoat,  primer,  substrate  combination  were  sheared  to  approximately 
3”  X  4”  in  size.  Three  hundred  (300)  milliliters  of  each  chemical  was  placed  in  a  1000  ml 
beaker.  Beakers  were  then  placed  into  an  oven  and  temperatrure  was  elevated  as  specified  by 
each  base's  identified  procedure.  Temperature  was  checked  by  thermocouple  probe  and  when  at 
temperature,  sample  specimens  were  added.  Each  specimen  was  checked  every  15  minutes  for 
strip  status.  When  each  sample  specimen  was  completely  stripped,  its  actual  strip  time  was 
noted.  If  any  abnormal  results  were  noted,  the  respective  base  was  called  for  consultation  and  a 
second  test  was  performed  as  deemed  necessary.  Base  specific  procedures  and  results  are 
discussed  in  Table  1. 
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Table  1 


Chemical  Stripping  Processfes)  and  Associated  Maintenance  Operation 


Organization 

Chemical  ID 

Substrate 

Bath  Temp 

Dwell 

Post  Bath  Process 

Anniston  Army  Depot 

Penetone  NPX 

Both 

Ambient 

0.25  -  2  hrs 

cold  water  rinse  w/water  hose,  hot 
water  bath  at  60C(140F) 

Barstow  Marine  Depot 

70%  Sodium  Hydroxide 
30%  Sodium  Gluconate 

Ferrous 

93C(200F) 

1-12  hrs 

warm  water  rinse 

Red  River  Army  Depot 

Ameratec  ADL-220 

Ferrous 

82C(180F) 

<  2  hrs 

hot  water  rinse  at  82C(180F),  apply 
25%  phosphoric  acid,  cold  water 
rinse 

Red  River  Army  Depot 

Calgon  EZE-545 

Non-ferrous 

60C{140F) 

0.5  hrs 

hot  water  rinse  at  82C(1 80F), 
mechanically  abrade  as  necessary  to 
remove  residue 

Red  River  Army  Depot' 

Turco  6088A-Thin 

Non-ferrous 

60C{140F) 

0.5  hrs 

hot  water  rinse  at  82C(180F) 

Tobyhanna  Army  Depot 

Turco  6088A-Thin 

Non-ferrous 

49C(120F) 

<  12  hrs 

warm  water  rinse 

1  -  Primary  process  used  for  non-ferrous  materials  by  Red  River. 
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Anniston  Army  Depot 

Anniston  Army  Depot  (ANAD)  identified  Penetone  NPX  is  used  for  their  chemical 
stripping  efforts  for  both  ferrous  and  non-ferrous  materials.  ANAD  uses  this  chemical  in 
immersion  vats  at  ambient  temperatures  with  an  immersion  time  as  little  as  15  minutes. 

Local  testing  of  this  chemical  was  performed  per  the  General  Procedures  section  and  the 
results  are  noted  in  Table  2. 

Table  2.  Anniston  Army  Depot:  Penetone  NPX*  at  Ambient  Temperature 


Panel 

Serial# 

Substrate 

Primer 

Topcoat 

Aging 

Process 

Expected 

Duration 

Notes 

189 

53022 

46168 

Oven 

15m-2h 

15m 

213 

53022 

29475 

Oven 

15m-2h 

15m 

230 

Steel 

53022 

Oven 

15m-2h 

15m 

46  ms 

UVB 

mm-  Ih 

2*14 'S 

1  \K 

■ . . 

TAfiC.rev, 

I'VB 

If 

6 

Aluminum 

53022 

46168 

Oven 

15m-2h 

lh-45m 

53 

Aluminum 

53022 

29475 

Oven 

15m-2h 

Ih 

86 

Aluminum 

53022 

LVC(Grey) 

Oven 

15m-2h 

lh-30m 

Aluminum 

23377 

46168 

vm'rA 

:  J-  .  '. 

Aluminum 

23377 

iM»»!gssa»nai^^ 

*  *  ■  __ 

Hr---";-  - 

iisiSB^^iB^IPffiaaowriisaa^ 

123 

Aluminum 

53022 

46168 

UVA 

15m-2h 

15m 

131 

Aluminum 

53022 

29475 

UVA 

15m-2h 

15m 

139 

Aluminum 

53022 

UVA 

15m-2h 

15m 

155 

-J:.,',:..-...  ... 

- - - - 

10 

Aluminum 

53022 

46168 

UVB 

15m-2h 

15m 

52 

Aluminum 

53022 

29475 

UVB 

15m-2h 

15m 

94 

Aluminum 

53022 

■MMCmai 

UVB 

15m-2h 

15m 

156 

.Alimiinum 

4b  ms 

zzmz-:: 

1 .5m-2h 

15m 

Aluminum 

29475 

I5m-2h 

15m  * 

Aluiiiiniim 

mm 

1 .  Penetone  NPX  is  a  methylene  chloride  based  stripper. 

2.  LVC  (SERDP  Low  VOC  CARC) 

3.  All  panels  in  this  set  had  100%  stripping  of  tested  area. 
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Barstow  Marine  Deport 


Barstow  Marine  Depot  identified  a  mixture  of  Sodium  Hydroxide  and  Sodium  Gluconate 
in  a  70%/30%  solution,  respectively.  This  process  is  used  for  their  chemical  stripping 
efforts  for  ferrous  materials.  Barstow  uses  this  chemical  in  immersion  vats  heated  to 
200F  with  an  immersion  time  of  1  hour  -  12  hours. 

These  chemicals  were  procured  and  mixed  per  the  Barstow  ratios.  Local  testing  of  this 
chemical  was  performed  per  the  General  Procedures  section  and  the  results  are  noted  in 
Table  3. 

Table  3.  Barstow  Marine  Depot;  Sodinm  Hydroxide/Gluconate^  at  200F  for  12  hours 


Panel 
Serial  # 

Substrate 

Primer 

Topcoat 

Aging 

Process 

Expected 

Duration 

Actual 

Strip  Time 
(Area)^ 

Notes 

194 

Steel 

53022 

46168 

Oven 

l-12h 

12h  (<10%) 

3 

217 

Steel 

53022 

Oven 

l-12h 

12h  (<10%) 

3 

233 

Steel 

53022 

LVC(Grey) 

Oven 

l-12h 

labMiifeihfcaH 

3 

53022 

46168 

Oven 

1-1 2h 

7:7 ‘,7 

53022 

29475 

■...17"7 

M2h 

12h  f<10%) 

LVC{C*rcy) 

12h  «10%) 

3,4 

188 

Steel 

46168 

UVB 

l-12h 

12h  (<10%) 

3 

207 

Steel 

53022 

29475 

UVB 

1-I2h 

3 

233 

Steel 

53022 

LVC(Grev) 

UVB 

1-I2h 

3 

SiccI 

^^@77 

.1  • 

Steel 

— 

_  ..77-1 

L^'-4  ‘^^.1  'II. 

Steel 

■  ::ir7T7: 

UVB 

z:w7\ 

■  ■ 

1.  Ferrous  materials  only. 

2.  Stripped  area  of  panel  at  maximum  expected  duration  shown  in  parentheses,  if  not  100%. 

3.  Barstow  reports  results  not  abnormal.  Chemical  normally  used  for  rust  removal.  Parts  are 


removed  when  rust  removal  has  been  accomplished  or  24  hours  whichever  comes  first. 
4.  Second  set  was  performed  to  verify  data. 
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Red  River  Army  Depot 


This  chemical  is  used  at  Red  River  Army  Depot  (RRAD)  for  CARC  removal  on  ferrous 
materials.  RRAD  uses  this  chemical  in  immersion  vats  at  a  temperature  of  180°F  with 
immersion  times  as  much  as  2  hours. 


Local  testing  of  this  chemical  was  performed  per  the  General  Procedures  section  and  the 
results  are  noted  in  Table  4. 

Table  4.  Red  River  Army  Depot:  Ameritech  ADL-220^  at  180F  for  2  hours 


Panel 

Serial# 

Substrate 

Primer 

Topcoat 

Aging 

Process 

Expected 

Duration 

Actual 

Strip  Time 
(Area)^ 

Notes 

194 

Steel 

53022 

46168 

Oven 

3 

217 

Steel 

53022 

29475 

Oven 

<2  hours 

2h  (0%) 

3 

233 

Steel 

53022 

LVC(GreY) 

Oven 

2h  (0%) 

3 

195 

Steel 

53022 

46168 

Oven 

■  2  hours 

2h  (0%1 

3.4 

21K 

Steel 

29475 

Oven 

2  lioiiis 

21i  (0^) 

3,4 

234 

Steel 

lAaCircy) 

Oven 

_2  hoins 

2h  (0%) 

188 

Steel 

53022 

46168 

UVB 

2h  (0%) 

3 

207 

Steel 

53022 

29475 

UVB 

2h  (0%) 

3 

233 

Steel 

53022 

UVB 

<2  hours 

2h  (0%) 

3 

Steel 

5.^1122 

46  Ins 

l'\B 

^S1 

Steel 

53022 

rvB 

Steel 

5^022 

LVQGreyJ 

UVB 

1.  Ferrous  materials  only. 

2.  Stripped  area  of  panel  at  maximum  expected  duration  shown  in  parentheses,  if  not  100%. 

3.  Red  River  reports  normal  results  for  chemical  and  are  researching  a  replacement. 

4.  Second  set  was  performed  to  verify  data. 
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This  chemical  is  used  at  Red  River  Army  Depot  (RRAD)  for  CARC  removal  on  non-ferrous  materials. 
RRAD  uses  this  chemical  in  immersion  vats  at  a  temperature  of  140®F  with  an  immersion  time  as  little  as 
30  minutes. 

Local  testing  of  this  chemical  was  performed  per  the  General  Procedures  section  and  the  results  are  noted 
in  Table  5. 

Table  5.  Red  River  Army  Depot:  Calgon  EZE-545‘  at  140F  for  30  minutes  minimum 


Panel 
Serial  # 

Substrate 

Primer 

Topcoat 

Aging 

Process 

Expected 

Duration 

Actual 

Strip  Time^ 

Notes 

11 

Aluminum 

53022 

46168 

Oven 

30m  min 

2h45m 

50 

Aluminum 

53022 

29475 

Oven 

30m  min 

2h  45m 

91 

Aluminum 

53022 

Oven 

30m  min 

4h  15m 

:•! 

Aluminum 

23377 

46168 

Oven 

iOm  min 

45m 

75 

•Muminiiin 

.1 

29475 

Oven 

'•(Jni  nun 

3(hi 

105 

.AUiiiiin-iiii 

23.^77 

LVC{  Green. 

Oven 

lOiii  min 

Ih 

124 

Aluminum 

53022 

46168 

U\^ 

30mmin 

Ih  15m 

132 

29475 

UVB 

30mmin 

2h  30m 

140 

Aluminum 

53022 

LVC(Green) 

UVB 

30mmin 

3h  I5m 

156 

Aluniin  nil 

4(1 168 

liVB 

\M 

Aluiiimuiii 

29475 

li\B 

Vllll  TllllI 

. 

123 

Aluminum 

53022 

46168 

UVA 

30m  min 

Ih45m 

131 

Aluminum 

53022 

29475 

UVA 

30m  min 

Ih  45m 

139 

Aluminum 

53022 

LVC(Green) 

UVA 

30m  min 

2h  45m 

ii&ri: 

lOiii  mm 

.V?. 

^i.iii  iiiiii 

■  4. 

i;; "  . 

Xliii'i.'niiiii 

mEv-’ ■  ; 

■  i 

1 .  Non-Ferrous  material  only. 

2.  All  panels  in  this  set  had  100%  stripping  of  tested  area. 
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This  is  the  primary  chemical  used  at  Red  River  Army  Depot  (RRAD)  for  CARC  removal  on  non-ferrous 
materials.  RRAD  uses  this  chemical  in  immersion  vats  at  a  temperature  of  140°F  with  an  immersion  time 
as  little  as  30  minutes. 

Local  testing  of  this  chemical  was  performed  per  the  General  Procedures  section  and  the  results  are  noted 
in  Table  6. 

Table  6.  Red  River  Army  Depot:  Turco  6088A-Thin^  at  140F  for  30  minutes  minimum 


Panel 
Serial  # 

Substrate 

Primer 

Topcoat 

Aging 

Process 

Expected 

Duration 

Actual 

Strip  Time 
(Area)^ 

Notes 

11 

Aluminum 

53022 

46168 

Oven 

30m  min 

12h  (25%) 

50 

Aluminum 

53022 

29475 

Oven 

30m  min 

Ih  15m 

91 

Aluminum 

53022 

LVC(Green) 

Oven 

30m  min 

3h 

31 

Aluminum 

23377 

46168 

Oven 

30rn  mm 

Aluminum 

23377 

29475 

Oven 

105 

.Muminum 

23377 

Oven 

124 

Aluminum 

53022 

46168 

UVB 

30m  min 

15m 

132 

Aluminum 

53022 

29475 

UVB 

30m  min 

45m 

Aluminum 

LVC(Green) 

UVB 

30m  min 

45m 

156 

AlnininuiTi 

461  Ob 

i;vB 

'(hn  min 

.10m 

164 

Aluniin-ini 

23377 

29475 

i:vB 

30m  mm 

15m 

1 

MrifroswiBti88aaiF8e^ 

LVB 

30m  mm 

18 

Aluminum 

53022 

46168 

30m  min 

Ih 

131 

Aluminum 

53022 

29475 

UVA 

30m  min 

Ih 

25 

Aluminum 

53022 

LVC{Green) 

UVA 

30m  min 

30m 

U\'A 

1 .  Non-Ferrous  material  only. 

2.  Stripped  area  of  panel  at  maximum  expected  duration  shown  in  parentheses,  if  not  100%. 
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Tobyhanna  Army  Depot 

This  chemical  is  used  at  Tobyhanna  Army  Depot  for  CARC  removal  on  non-ferrous  materials.  Tohyhanna 
uses  this  chemical  in  immersion  vats  at  a  temperature  of  120“F  with  an  immersion  times  of  1-12  hours. 

Local  testing  of  this  chemical  was  performed  per  the  General  Procedures  section  and  the  results  are  noted 
in  Table  7. 

Table  7.  Tobyhanna  Army  Depot:  Tnrco  6088A-TIiin^  at  120F  for  2-4  hours 


Panel 
Serial  # 

Substrate 

Primer 

Topcoat 

Aging 

Process 

Expected 

Duration 

Actual 

Strip  Time 
(Area)^ 

Notes 

12 

Aluminum 

46168 

Oven 

l-12h 

12h  (25%) 

49 

Aluminum 

29475 

Oven 

l-12h 

2h 

90 

Aluminum 

53022 

LVC(Green) 

Oven 

l-12h 

_4h _ 

rV" 

10 

Aluminum 

53022 

46168 

UVB 

l-12h 

12h  (25%) 

132 

Aluminum 

53022 

29475 

UVB 

l-12h 

Ih  15m 

_ 94 _ 

LVC(Green) 

UVB 

l-12h 

Ih  15m 

23377 

46168 

UVB 

23377 

29475 

.:V-v-7r- V 

.ir.  iis 

■IT  { u  ■ , 

21 

Aluminum 

53022 

46168 

UVA 

l-12h 

45m 

r 

18 

Aluminum 

53022 

29475 

UVA 

l-12h 

Ih 

25 

Aluminum 

53022 

LVC(Green) 

UVA 

l-i2h 

45m 

.'MuminLim 

23.377 

46168 

U\’A 

.\l-jminui7i 

23377 

2UI75 

L  VA 

Lt.-,  t— 

Muinmuni 

23377 

LVaOrcenl 

1.  Non-Ferrous  material  only. 

2.  Stripped  area  of  panel  at  maximum  expected  duration  shown  in  parentheses,  if  not  100%. 
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APPENDIX  E 

CARC  STRIPPABILITY  DATA  for  APPLIED 
LIGHT  ENERGY  PROCESSES 
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Table  1.  Flashjet  Strippability  Data  . 


SUBSTRATE 

PRIMER 

TOP  COAT 

Age/Cure 

Strip  Rate, 

^ZmiQ 

Avg 

TtVjnin 

Notes 

FG 

■nnissfsfn 

■iSIIHH 

2.18 

Significant  Toncoat 

FG 

IHEfflHHI 

HHI 

HHHBOBHHHi 

_  _FG  . 

" 

- 

Oven 

iiHSisiiiiii 

IBH! 

HHHIHBiHIIHHi 

FG 

Oven 

2.16 

.  FG 

RSIiSISS^ 

Oven 

3.09 

3.00 

Striooed  to 

FG 

" 

Oven  .. 

3J)9 

FG 

" 

- 

Oven 

HHERRHIt 

FG 

- 

Oven 

2.81 

» 

FG 

Low  VOC  ' 

Oven 

4.08 

.Significant  Bare 

FG 

" 

" 

Oven 

4.05 

Unifonn  Footnrint.  50% 

FG 

■■ 

- 

Oven 

3,80 

Sienificant  Bare 

FG 

" 

Oven 

3.84 

Uniform  Footprint30%  Bare 

..  .  EG  .  _  . 

Oven 

4.03 

HBI9I 

Some  Primer 

FG 

■■ 

.  Qve_n 

4.13 

•• 

FG 

Oven 

4.15 

•• 

FG 

■■ 

Oven 

4.10 

■■ 

eg 

BflSSESIIS 

Oven 

3.05 

KISi 

Small  Areas  of  Bare 

HRSI 

HIHHIi 

HHBHH 

hhh 

HHBHH 

HHHHH 

hhh 

hbhihbhhhh 

FG 

Oven 

3.19 

„ 

FG 

Low  VOC  ' 

Oven 

4.24 

4.13 

Some  Primer 

FG 

" 

■■ 

HBHflill 

hhhi 

HHHHDHHHI 

FG 

- 

- 

WKSSSKM 

HBRSm 

HHI 

FG 

Oven 

4.08 

1  '  Navy  Color 
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Table  2.  GLC  Poised  Nd:YAG  Laser  Strippability  Data 


SUBSTRATE 

PRIMER 

Ase/Cure 

TOPCOAT 

Avg  Strip  Rate,  ft2/mm 

A1 

MIL-P-53022 

Oven 

46168 

0.0150 

A1 

It 

Oven 

WBCC 

0.0128 

A1 

11 

Oven 

Low  VOC  CARC 

0.0202 

Steel 

MIL-P-53022 

Oven 

46168 

0.0125 

Steel 

n 

Oven 

Low  VOC  CARC 

0.0190 

A1 

MIL-P-23377 

Oven 

46168 

0.0157 

A1 

It 

Oven 

WBCC 

0.0255 

AI 

M 

Oven 

Low  VOC  CARC 

0.0293 

FG 

MIL-P-53022 

Oven 

46168 

0.0098 

FG 

ft 

Oven 

WBCC 

0.0098 

FG 

Oven 

Low  VOC  CARC 

0.0135 

FG 

MrL-P-23377 

Oven 

46168 

0.0110 

FG 

ft 

Oven 

WBCC 

0.0098 

FG 

II 

Oven 

Low  VOC  CARC 

0.0122 
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Figure  4.  GLC  Pulsed  Nd:YAG  Laser  Strippability  with  MIL-P-53022  Primer 
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Tables.  CWA Pulsed NdrYAG  Laser Strippability Data 


SUBSTRATE 

PRIMER 

Ase/Cure 

TOPCOAT 

Avg  Strip  Rate,  ft2/niin 

A1 

MIL-P-53022 

Oven 

46168 

0.0060 

A1 

•• 

Oven 

WBCC 

0.0024 

A1 

It 

Oven 

Low  VOC  CARC 

0.0093 

Steel 

MIL-P-53022 

Oven 

46168 

0.0049 

Steel 

II 

Oven 

Low  VOC  CARC 

0.0059 

A1 

MIL-P-23377 

Oven 

46168 

0.0018 

A1 

11 

Oven 

WBCC 

0.0042 

A1 

■■ 

Oven 

Low  VOC  CARC 

0.0351 

FG 

MIL-P-53022 

Oven 

46168 

0.0046 

FG 

It 

Oven 

Low  VOC  CARC 

0.0042 

FG 

MIL-P-23377 

Oven 

46168 

0.0063 

FG 

-■ 

Oven 

WBCC 

0.0074 
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Topcoat  and  Substrate  Combinations 


Figure  7.  CWA  Pulsed  Nd:YAG  Laser  Strippability  with  MIL-P-53022  Primer 
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Figure  8.  CWA  Pulsed  Nd:YAG  LASER  Strippability  with  MIL-P-53022  Primer 
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Figure  10.  CWA  Pulsed  Nd:YAG  Laser  Strippability  with  MIL-P-23377  Primer 
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